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PRIMARY CARCINOMA OF THE LUNG 


I INCtDENCn 

A diagnosis of carcinoma originating prirainly in the lungs nas 
probably never made by the older clinician, and even tlie pathologist 
of the past regarded the disease as a ranty Thus, in 1896, Passler 
■nas able to collect only 57 necropsy reports of this condition It is 
interesting that about fifteen jears later, in 1912, Adler compiled from 
available literature 360 reports The literature of the last decade 
abounds Mith articles on this disease, and in Gcnnany alone the 
number of reported cases of bronchial cancer runs into thousands 
Lubarsch (1924) m an investigation on the incidence of cancer in^, 
Germany in the years 1920 and 1921 found that of 8301 instances of^| 
epithelial malignant tumors, 450 or ^4 per cent were pnmarily pul-\ 
monarj' Berbhnger noted that in Jena from 1919 to 1924 the 
disease occurred in 8 3 per cent of all cancers, and Seyfarth found in 
Leipzig 307 bronchiogenic cancers, which represented 8 per cent of all 
cancers Perenezy and hlatolczy investigated 62,802 necropsies per- 
formed in the pathologic institute of Vienna, and of 6791 cancers, 282, 
or 4 2 per cent were of bronchial origin Of 36,428 post-mortem ex- 
aminations performed from 1906 to 1928, Bieberfeld found 207 
bronchiogenic cancers, or an average of about 5 5 per cent to all 
cancers Whal estimated that a little more than 7 per cent of all 
cancers found in the Moabit (Berlin) Hospital in the last decade were 
of bronchial origin Sonnenfeld’s statistics, including 17,340 necrop- 
sies, are to the effect that 10 03 per cent of all cancers are primarily 
pulmonary Junghanns found 339 bronchial cancers, or 1 67 per cent 
of all necropsies performed in Dresden from 1893 to 1927 In the 
penod from 1923 to 1927 it occurred in 20 68 per cent of all cancers 
Kuhn’s figures mdicate 173 bronchial cancers from 1922 to 1927, 
representing 5 3 per cent of all cancers 
Of considerable interest are figures given by Kikuth whose necropsy 
material extended over a period of thirty years (1889-1923), including 
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246 cases According to this author, primary carcinoma of the lungs 
represented 9 5 per cent of all cancers m the Hamburg-Eppendorf 
Hospital In 1923 the number of primary pulmonary cancers 
equaled one-third of the number of carcinomas of the stomach found at 
necropsies in this large municipal hospital In Prague, Holzer found 
that m the five years between 1920 and 1924 it occurred in 7 98 per 
cent of aU cases of epithelial malignant disease In the Berlin Patho- 
logic Institute, Hanf stated that 7 5 per cent of all cancers originated 
primarily in the bronchi 

Reports from other German sources (Marchesani, Briese, Materna, 
and others), although dealing with smaller numbers are not less ex- 
pressive as to the high incidence of this condition (table 1) 

In England, Payfair and Wakeley found only 4 bronchiogenic can- 
cers in 3183 necropsies performed from 1901 to 1923 in the Kings 
College Hospital Duguid found 175 primary intrathoracic neoplasms 
in 10,780 necropsies performed at the Manchester Royal Infirmary 
since 1868 The mcidence of the disease in Manchester vaned from 
approximately 1 5 per cent in the last century to 2 5 per cent from 
1901 to 1925 The matenal of the Leeds General Infirmary contain- 
mg necropsy records for thirty-seven years was investigated and re- 
ported in detail by Bonser, who found that on the average 
this mahgnant condition occurred in 1 06 per cent of all cancers, and 
that the highest figure, 1 30 per cent, was noted m the period from 
1908 to 1912 Simpson stated that m the London Hospital there are 
records of 139 cases of bronchiogenic cancers, and that these neo- 
plasms constitute nearly 4 per cent of the total number of carcinomas 
At the St Bartholmew’s Hospital, London, Maxwell investigated 
28,227 necropsy reports Of this number, 2181 were mahgnant 
tumors, 204 of which arose in the thoracic cavity 

In Basle, Switzerland, Staehelin reported that 4 per cent of all 
malignant epithelial tumors were of bronchiogenic ongin In Bern, 
Probst found that more than 7 per cent of all cancers originated in the 
lungs 

In France, although there are numerous sporadic case reports deal- 
ing with this disease, figures concerning its incidence in the larger 
hospitals are lacking Letulle (1924) found 11 pulmonary cancers in 
2560 necropsies, 0 46 per cent, performed in the Hopital Boucicaut 



It occurs m irom z lo ^ lo luuu ntcropbicb 
In Florence, lUly, I’ekelis found that between 1919 and 1925, m 
necropsies of patients over 20 years of age, the incidence of cancer in 
general was 14 1 per cent and that of primary cancer of the lung 0 13 
per cent Betw cen 1925 and 1929 Uie respective incidences were 1 1 08 
per cent and 0 20 per cent 

In tins country similar numerous articles on tins subject avere pub- 
lished witlun the last ten years Barron found 13 bronchiogemc 
cancers in 4362 necropsies performed from 1899 to 1921 Grove and 
Kramer reported 21 primary pulmonary tumors in 3659 post-mortem 
examinations Very high figures were given by Wells, who found 17 
bronchiogemc neoplasms in 403 patients Fishberg’s report contains 
60 broncliiogemc cancers found at the Montefiorc Hospital, New 
York City At the Boston City Hospital, Roshan found that from 
1910 to 1928 Uierc were 3004 adult necropsies, of which 314, or 10 4 
per cent, were diagnosed as cancer During this period pnmary 
carcinoma of the lungs occurred 21 times, or 0 7 per cent of all adult 
necropsies and 6 69 per cent of all cancers Roshan further stated 
that from 1910 to 1918 tliere were 4 cases of bronchiogemc cancer at the 
Boston City Hospital among 964 necropsies performed on adults, 1 42 
per cent, and this increased in the years 1919 to 1928 to 1 7 cases among 
240 necropsies, 0 82 per cent 

The statistics quoted from German literature are of particular 
interest when compared wnth the figures given by earlier wnters 
Thus, in 12,307 necropsies performed in Breslau from 1854 to 1886, 
Fuchs found primary' carcinoma of the lungs in only 0 065 per cent, 
Passler found 0 18 per cent among 9246 necropsies performed in 
hlunicli from 1881 to 1894 

The relative frequency of this condition as seen lately m the necropsy' 
room when compared with the older figures referred to has led ob- 
servers to the belief that the disease is of “recent” ongm and that it is 
vmtually increasing m frequency The increase m the number of 
bronchiogemc tumors m Hamburg-Eppendorf is illustrated m figure 1 
taken from Kikuth (fig 1) 

Berblmger, by analysing his matenal, found that m the years from 
1910 to 1914 the condition occurred in 2 2 per cent of all cancers, 
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from 1915 to 1919 it numbered 2 9 per cent, and from 1919 to 1924 it 
rose abruptly to 8 3 per cent Similarly, Seyfarth’s figures show 5 01 
per cent from 1900 to 1906, 6 88 per cent from 1907 to 1913, 11 23 
per cent from 1914 to 1918, and 8 75 per cent from 1919 to 1923 
Staehelin, too, noticed an increase m the number of necropsies on 
patients with bronchiogenic cancer thus, from 2 1 per cent seen m the 
first five years m this century, the number rose to 4 9 per cent m the 



Fig 1 Increase in the Number of Primary Pulmonary Cancer in Hamburg- 

Eppendorf (Kikuth) 

The solid line indicates incidence of pnmary carcinoma of the lungs, the broken line, 
the percentage relationship of pnmary carcinoma of the lungs to all carcinoma 

years from 1921 to 1923 The incidence of the disease and the rate of 
Its increase in different dimes are shown in table 1 (pp 379-380) 

That primary carcinoma of the lungs is of rather frequent occur- 
rence and not a rare disease is no longer contested by observers The 
present debate is whether the increase is real or only apparent 
The statistical incidence of cancer in general is made up from post- 
mortem examinations, from observations made by surgical explora- 
tion, and from reports made by clinicians The reliability of cancer 
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TABLE 1 


Slotislical vtctdencc of hronchogemc cancer 


Avrno^R 

NLuntK or 
CAsrs 

VtAUS 

rCSCrKTACE 
“SO AV\- 
CA^CEJ^S 

rCBCESTACE 
•SO AW 
NccRorsrcs 

Barron 

13 

1899-1921 


KM 

Bejach 

S3 

1908-1913 

4 8 


Bcrblingcr 

42 

1910-1914 

2 2 




1915-1919 

2 9 

1 30 



1920-1925 

8 3 


Biberfeld 

207 

1897-1906 

2 1 




1907-1916 

6 0 




1917-1926 

6 2 


Breckwoldt 

47 

1911-1919 



Bnese 

60 

1898-1916 

4 5 

0 46 

reilchenfeld 

22 

1695-1900 

1 3 

0 43 

Ferenezy and Matolczy 

282 

1896-1925 

4 20 


Grove and Kramer 

21 

1917-1924 


0 57 

Jungbanns 

339 

1893-1897 

14 12 

1 36 



1898-1902 


0 98 



1903-1907 


1 22 



1903-1912 


1 31 



1912-1917 


1 62 



1918-1922 


1 93 



1923-1927 


2 86 

Katz 

4P 

1906-1926 

7 74 

1 30 

Kikuth 

246 

1889-1899 


0 07 



1900-1911 

3 8 

0 37 



1912-1923 

5 8 

0 58 

KUhn 

173 

1906-1919 

0 74 

0 18 



1910-1913 

4 10 

0 41 



1919-1921 

2 97 

0 28 



1922-1924 

5 32 

0 55 



1925-1927 

5 29 

0 CO 

Letulle 

11 

1898-1923 


0 47 

Lubarsch 

450 

1920 

5 40 


Marcbesam 

26 

1887-1896 


■ ■ 



1896-1906 

2 SO 




1906-1916 


B 9 



1916-1922 



Matema 

19 

1910-1922 


B 9 

Probst 

76 

1906-1910 

0 13 

0 11 



1911-1915 

3 34 

0 38 



1916-1920 

6 12 

0 59 



1921-1925 

7 17 

0 97 

Redlich 

31 

1900-1905 

6 30 


Kosabn 

21 

1910-1928 

6 69 

0 70 
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TABLE i~Conchided 


AUTHOR 

NUMBER OF 
CASES 

\EARS 

PERCENTAGE 
TO ALL 
CANCERS 

PERCENTAGE 
TO ALL 
NECROPSTES 

Schamoni 

13 

1912-1918 

5 30 


Seyfarth (Leipzig) 

307 

1900-1906 

5 10 

0 67 



1907-1913 

6 88 

0 90 



1914-1918 

11 23 

1 01 



1919-1923 

8 75 


Schlesinger (Leipzig) 

120 

1924-1929 

13 54 


Simpson 

139 


4 00 ' 


Sonnenfeld 

178 

1909-1914 

4 68 

0 33 



1915-1919 

3 79 

0 33 



1920-1924 

8 08 

0 90 



1925-1929 

10 63 

1 83 

Staelielin 

65 

1900-1911 


0 20 



1912-1914 

4 00 

0 50 



1915-1923 


0 63 

Wahl 


1910-1914 

5 SO 




1915-1919 

4 40 




1920-1924 

7 7 



statistics has been the subject of numerous controversial investiga- 
tions For particulars on this matter the studies by Wilcox, Lubarsch, 
Wells, Feller, and Menetner may be consulted The opinion of these 
writers may be briefly stated 

The value of figures as furnished by chmcal diagnoses of inaccessible 
(internal) cancers is contested because of the fact that the margin of 
error in the clmical diagnoses of inaccessible (internal) cancers is 
wide Thus, Lubarsch (1924), by mvestigating the cancer statistics 
of the German Republic for the years 1920 and 1921, arrived at the 
conclusion that the errors in diagnoses in the chmcal material were so 
sigmficant (32 44 per cent), that cancer statistics as to incidence and 
locahzation of the tumor can have httle value Likewise Wells 
(1923 and 1927) related that in a total of 578 cases of cancer at the 
Cook County Hospital in Chicago, there were 211 incorrect diagnoses 
-—a diagnostic error of 32 5 per cent “Such a high ratio of incorrect 
diagnoses m a great hospital,” said Wells, “might seem to be evidence 
of something wrong with the hospital, but we find that other in- 
stitutions dealing with a similar class of cases, in which most of the 
cancers commg to necropsy are of the internal organs, exhibit not 








l’RI,^fAR^ CA^lCI^OJ^A OF Tlin LtING 


381 


dissimilar figures ” He quoted Basliford, Rcichelmann, Berenezy 
and Wolf, and Bilr, ^\ho in London, Berlin, Budapest and Jena, 
respectively, readied nearly the same conclusions Wilcox, whose 
important investigation was published in 1917, and Pellcr, who re- 
ported his studies on the incidence of cancer in 1925, are in accord 
with the ideas of Lubarsdi and Wells 
It IS significant that par.allcl with the alleged increase m the occur- 
rence of cancer, there is also a rise in the incidence of other morbid 
processes, usuallj’ termed as “degenerative” diseases Eggers, for 
instance, found that from 1900 to 1921 indusivc, the mortality in- 
adence from cancer and from degenerative diseases show a regular 
and even increase He moreover noted that cancer and the combined 
death rate from the other usual diseases of advanced age show an 
almost strictly proportionate rate of increase for the twcnty-fivc-year 
penod 

Of particular interest is the observation that death due to disease 
of the heart, and also to arteriosclerosis has markedly increased in the 
last decade, uhile that due to diabetes has become scry Ion “Prior 
to 1914,” wrote Joshn, “deaths from coma and diabetes readied 61 
per cent, but since August, 1922, ha\c fallen to 20 per cent, and for 
the last year to 10 per cent Coincidentally, deaths from arterio- 
sclerosis have advanced from 15 to 47 per cent " Joshn attributed 
this to prolongation of the life of the diabetics, who, with the former 
metliods of treatment, would have died long before their arteries had 
become "hardened ” Joshn further related that “the average age 
at the death of 339 patients (Joslin’s) in the Naunyn period (1895- 
1914) n as 44 8 j'Cars, the average age at death of the 607 fatal cases 
in the present Banting period (since 1920) was 54 2 years, and for tee 
last year 60 fatal cases, the average age was 59 years ” SimiJarh a 
large part of the population spared from tuberculosis as a rtsc! c7 
modern hygienic measures, his reached a more advanced age cc.~ ra 
become the prey of an epithelnl malignant disease 
That the mean length of life is considerably greater a — rr,— 
formerly, and that by far a greater proportion of 
advanced age, is accepted by all writers Observations c-r - i- 
effect that twenty years have been added to the aiesa; 
human life within the last three or four decades 
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importance in connection with the “cancer age ” The increase, then, 
in the span of human life for the last few decades is a likely important 
factor in the rise in the mortality, not only from “degenerative” 
diseases, but from cancer In fact, the higher incidence of epithelial 
malignant disease noted lately concerns individuals above the ages of 
40 and 50, while in the less advanced age-period statistics show no 
changes in the incidence of this condition Indeed, as an observer 
expressed it “We run the danger of growing old ” 

It also IS remarkable that parallel investigations on the incidence 
of external (accessible or easily diagnosticated) cancers show no in- 
crease (Renaut, Teller, Wells) 


TABLE 2 



1901 

1920 


1901 

1920 

Cancer of tongue 

“iO 

55 

Cancer of intestine 

190 

338 

Cancer of uterus 

355 

321 

Cancer of pancreas 

48 

78 

Cancer of vagina and vulva 

21 

18 

Cancer of lungs 

15 

SO 




Cancer of ovanes 

58 

78 


The above table (table 2) taken from Renaut shows the incidence 
in Lausanne of external and visceral cancers m the years 1901 and 
1920 respectively 

Hence, in addition to the prolongation of life, the more frequent 
registration of visceral cancers in recent years result in all probability 
from better diagnostic methods ^ 

Finally, it would be misleading to judge of the incidence of cancer 
from necropsy findings only (as it is the case m most instances with 
bronchiogemc cancers) First, the number of performed necropsies is 

^ Wolff, (Karl), in a recent (1930) cntical study of cancer statistics, emphasized their 
uncertamty and unrehabihty Thus he wrote “Whereas Gusserow has firmly estabhshed 
by way of statistics that multiparous women are very prone to develop cancer of the cer- 
vix uten, Kauffmann, on the contrary, found that they are less liable to contract the 
disease ” Likewise, Rau, by investigating the material of the Dresden Pathologic Insti- 
tute, has reached the conclusion that cancer in the male has increased smce the World 
War, while Junghanns found from the same matenal that there was a post-war decrease 
in the disease in man Wolfi quoted Riley to tlie effect that “statistics are not mtended 
to tell the truth ” It may also be said that tliey are by no means a substitute for judg- 
ment 
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insignificant when compared wiUi the number of deaths (5 per cent 
m Germany, according to Luharsch ) Second, a hospital population 
does not represent a cross section of a given community 

Briefly, then, the virtual incidence of cancer cannot be ascertained 
at the present 

Ihe notion that primary carcinoma of the lung is rapidly increasing 
has come from post-mortem observations made in the majonty of 
instances by German wnters However, Staehelin, basing his con- 
clusions on years of personal observation, is of the opinion that the 
increase is more apparent than real Breckwold, too, by analysing 


TABLE 3 

The incidence of bronehtoienic cancer correctly diagnosed tn the chmc (Junghanns, modified) 


AUTBO* 

OTY 

YCAtS 

COSKECr DZACVOSIS 




etnt 

Pilsslcr 

Breslau 

1881-1S94 

0 0 

Ferenezy and Matolczy 

Vienna 

18!)6-1900 

5 0 



19I7-1P2S 

28 4 



1925 

50 0 

Jungbnnns 

Dresden 

190S-1912 

10 0 



1928-1929 

48 0 

Kikuth j 

Hamburg 

1925 , 

30 0 

Lipscbitz 

Znikau 

1922 

0 0 

1 


1925 1 

25 0 



1928 

81 3 

Schbnhcrr 

ChcmniU 

1925-1927 

37 0 

Simpson 

London 

1907-1925 

52 00 

Staehelin 

Basel 

1924 

35 0 

Zalka 

Budapest 

1919-1927 

26 2 


the figures and charts given by Kikuth found that the increase in this 
disease noted in the Hamburg-Eppendorf Hospital is only apparent 
He himself, m an investigation of the material of the Hamburg-Barm- 
beck Hospital, which is about as large as the Hamburg-Eppendorf, 
and which deals ivith a similar type of patient, has reached the con- 
clusion that the incidence of primary cancer of tlie lungs in this 
hospital has not changed since the opening of the institution in 1913 
Hanf, m a work inspired by Luharsch, recently investigated the 
incidence of primary pulmonary cancer in the Pathologic Institute of 
the University of Berlin Like other observers, she noted that the 
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incidence of this disease is higher now than formerly, but runs parallel 
with that of other cancers, and this author is of the opinion that the 
increase is in all probability only apparent Likewise, in England, 
Bonser, m the thorough investigation to which we have referred, 
arrived at the conclusion that the mcrease in bronchiogenic cancer is 
no more than apparent We repeat that not only the former clini- 
cian, but the former pathologist considered that bronchiogenic cancer 
IS an exceedingly rare disease 

The older clinician was poorly armed with the accessory methods 
for the diagnosis of pulmonary diseases The tubercle bacillus, which 
IS in reality the single criterion m makmg the diagnosis of pulmonary 
tuberculosis certain, was discovered in 1882 The roentgen rays as an 
effective aid in the diagnosis of diseases of the thoracic cavity, have 
been applied successfully in the chnic only for the last fifteen years 
Bronchoscopy is Likewise of recent origm, andj, the use of iodized oils 
40 per cent is as yet in its rudimentary state Surgical exploration in 
obscure and doubtful cases as practiced in the diagnosis of abdommal 
or pelvic organs has not been apphed to intrathoracic pathologic 
conditions, since the lungs have been considered from the surgical 
standpoint as a noh me tangere For this reason, neoplastic diseases 
of the lungs were rarely identified by the older clmician 

The older pathologist, too, was confused as to the criteria concern- 
ing primary and secondary pulmonary neoplasms The uncertainty 
was increased by the fact that Virchow, and more recently, Lubarsch 
(1895), stated that those organs which are frequently the seat of a 
metastatic involvement by malignant tumors are only in rare in- 
stances the seat of a primary new growth The lungs were quoted 
usually as an example Since from the circulatory point of view 
these organs are the pomt of convergence of the body, malignant cells 
which happen to invade the blood or lymph streams invariably reach 
the lungs where they form secondary nodules or masses, the latter not 
infrequently overshadowing that of the primary growth Moreover, 
the failure of the pathologist to demonstrate grossly a secondary in- 
volvement of the lung by tumor is at present not regarded as bemg 
conclusive proof of the actual absence of tumor in the lung Numer- 
ous investigators have shown that with tumor elsewhere, blasto- 
matous cells (metastatic) can almost always be detected in the lungs 
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on careful histologic investigation llic foregoing has ltd, then, to 
the belief that whenever in the presence of a widespread tumor any- 
where in the body, a tumor is found in the lungs, the lesion in the latter 
should be considered as metastatic As a result, not only macro- 
scopically but under the microscope, this condition was diagnosed as 
a metastasis, as a sarcoma, an endothelioma, or simply as a medi- 
astinal tumor A large percentage of the so called “oat” cell cancers, 
formerly recorded as intrathoracic mesodermal tumors, liave been 
recognized as bronchiogenic cancers only m recent j ears (Barnard) , 
the Schneeberger cancer, too, was until recently regarded by many 
as a Ijonphosarcoma and the pulmonary condition of the Joachimstahl 
miners was up to 1929 looked upon as being tuberculous in nature 
Siklc relates that since the report of Lowy, who was the first to 
identify the malignant disease of the lungs among the miners, he wa^' 
able to find 8 bronchiogenic cancers m 10 necropsies among the workers 
in the Joachimstahl uranium and radium mines ' 

The lack in the past, of knowledge of this condition, plus the un- 
reliability of cancer statistics in general, considerably weakens the 
statement that bronchiogenic cancer occurs now more frequently 
than formerly However that may bt, as the problem stands, this 
point IS apparently not susceptible of proof one way or another, 
and, therefore, no sweeping conclusions should be drawn 

The author is of the opinion that the more frequent occurrence of 
this disease in recent years, as compared with older findings, can be 
explained on the basis of the following factors (1) Improved chnical' 
and pathological methods of diagnosis, (2) Increased attention to this 
malady (as Goethe has expressed it Man sicht nur was man weiss”), 
(3) Increase in span of human life (a much greater proportion of 
people reach the “cancer age”) 

The increase, then, is very likely more apparent than real 

Age viculaicc Ihe age incidence of bronchiogenic cancer is the same 
as that of cancer of other organs, for example, between the fifth and the 
sixth decadesjKikuth found 7 patients between tlie ages of 20 and 29, 18 
between the ages of 30 and 39 , 49 between 40 and 49 , 77 between SO and 59 , 
60 between 60 and 69, 30 between 70 and 79, and S at 80 and over In 30 
of 47 patients analysed b> Breckwold, the disease oceurred between the 
ages of 50 and 70 
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The age incidence in the author’s series is indicated in table 4 
In a few instances it occurred in younger persons Staehehn, 19 years, 
WeUer, 17 years, Fishberg, 18 years, Derischanoff, 22 years, (Bronchiogemc 
cancer and exudative tuberculosis), and in children (Steffen, Hirsh), one 
case in a boy 5 years 


TABLE 4 


ACE 

NUMBER OF CASES 

years 


20-29 

1 

30-39 

3 

40-49 

12 

50-59 

16 

60-69 

10 

70-79 

1 4 

Unknown 

1 

Total 

47 


TABLE S 

Bronchiogemc cancer, tnctdence as to sex 


AUTHOR 

Sf 

Male 

Female 

Adler 

209 

163 

Bnese 

34 

16 

Biberfeld 

154 

53 

Ferenczy and Matolczy 

204 

78 

Fried 

39 

8 

Kikuth 

159 

87 

Probst 

64 

14 

Seyfarth 

258 

49 


Se\ incidence There is a prevalence of opinion that the male sex is more 
often affected with this disease than the female Of Adler’s 372 cases, 
71 9 per cent occurred m men, against 28 1 per cent m women Lubarsch’s 
material indicates an incidence of 8 per cent (to all cancers) in men as 
compared with 2 57 per cent m women In an analysis of 1087 bronchio- 
genic cancers, Breckwold found that 807 patients were males and 280 were 
females In the author’s material, 39 cases occurred in the males, and 8 m 
the females (table 5) 
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This phenomenon is exphmed on tlie basis that the male se\ being more 
exposed to pulmonary diseases in general is likewise more prone to acquire a 
malignant disease of these organs It mav also be due to the fact that in 
tlie female sex the genital organs arc the more common scat of a cancer 
The fact that numerically the male population in tlie hospital exceeds that 
of Uie female, is likely also to pliy a rdlc m the uneven distribution of the 
disease between the two sexes 

Inctdcnce as to seal As demonstrated in table 6, Uic rig ht lung is more / 
frequently th e sca t of_^bronch 2 og(mic_cancer than the left This fact isj 
attributed to the anatomic sTriicturc and the topographic peculiarities of 
the right bronchus, which is shorter, wider and more vertical in directioij 

TABLF 6 


Bronchwgime canetTt tnetitnet as to scat 


AXTTUQM 

SCAT 

Right 

Left 

Adler 


157 

Bnesc 


20 

Biberfcld 


53 

Ferenezy and Matoiczy 



Fncd 



Kiluth 



Marchesam 

12 


Materna 

10 


Probst 



Sachs 



Seyfarth 




than the left, and therefore more prone to the penetration of foreign bodies 
and particles leading to irritation and mflammation, resulting in the de- 
velopment of a malignant condition ' 

II ETIOLOGY 

It IS a commonly accepted fact that to produce an infectious disease 
in an animal not only the virulence of the germ, and the “dose” of 
infectious matenal but the susceptibility of the host, must be taken 
into consideration Moreover, the susceptibility of an animal to a 
given species of bacterium not infrequently depends upon the route 
by which the organism is introduced 
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The experimental pathologist has only lately begun to realize 
that an application of some “irritant” is not alone sufficient always to 
produce malignant disease Not every “irritating” substance will 
lead to a malignant disease and even “verified” cancerogenous agents 
wdl not mfrequently fail to excite a particular susceptible structure to 
participate in the development of a malignant process 

Fibiger has demonstrated that only rats that have been fed with 
\the Spiroptera neoplashca {Gongylonema neoplashcum) will acquire 
cancer of the stomach, while other spirochefes will cause no malignant 
disease ^ Similarly, coal tar products will induce in a mouse a cutane- 
ous cancer but not a rectal Again the Spiroiera neoplashca leads 
to an epithelial malignant disease while the Cyshcercus Fasaolans, 
the larva of the cat tapeworm Taema crassicoks (Bullock and Curtis), 
induces as a rule a malignant connective tissue tumor of the liver 
Likewise in grafting malignant tumors it was observed that whereas 
the inoculations into the brain, the anterior chamber of the eye, or the 
muscles will lead in most mstances to a vigorous growth of the trans- 
planted neoplasm, and subcutaneous, intravenous and the mtraperi- 
toneal grafts will “take” in from 20 to 25 per cent only, and the intra- 
cutaneous method will yield still less favorable results Apparently, 
therefore, the immunobiologic principles which have been investigated 
m the study of infectious diseases deserve also to be considered in the 
study of experimental and spontaneous tumors Not only the carci- 
nogenic substance, but the host and the particular organ or structure 
attacked need to be considered 

The belief has been expressed that carcinoma ongmatmg primarily 
m the lungs was exceedingly rare a few decades ago, and that its 
recent increase is due to factors brought into life in recent years, 
namely, the influenza which prevailed m the years 1918 and 1919, 

- Fibiger was the first to induce cancer in rats and mice with the Gongylonema neoplas- 
(tcitm which belongs to the group of nematodes and not spirochetes as it was formerly 
' thought The nematode hatches its eggs in an mtermediary host — the Periplancta aineri- 
^ cana, Fertplancla oricntahs and also Blalla americana (species of cockroaches) By 
feeding rats with infected cockroaches or with their musculature which harbors the parasite 
j Fibiger observed that the larvae of the nematodes free themselves in the gastnc cavity of 
, the rodents, and invade the epithelial structure of their fore-stomach (less often of the 
I stomach and occasionally of the tongue) causing chrome inflammation and epithelial 
I proliferation culmmating in about 60 per cent of cases in the development of a cancer of 
these structures 
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and the inhalation of tar ivhich is now used m painting roads In 
the discussion on the alleged agents causing bronchiogenic cancer 
these facts \nll therefore be considered in some detail Let us first 
anal>ze bnefl> the r61e of bacteria and of parasites in the etiology of 
cancer of the bronchus 

A Baclcna and parasiles as causes of brouclnogcnic cancer 

The role of certain bacteria and also of some nematodes and hel- 
minths in the genesis of malignant tumors has been demonstrated 
111 manj instances (Fibigcr, Bullock and Curtis, Ferdinand Blumen- 
thal) It IS believed that these organisms are not specific agents 
causing the disease, but that their effect is_that of a t OMCjhcroical 
nature, acting as an irritant upon the receptive tissue 

Although the lungs arc constantly exposed to invasion by bacteria, 
ver> few micro-organisms have been regarded as factors m the origin 
of pulmonary cancer The tubercle bacillus which is found in the 
lungs of almost cverv person in civilized countnes is considered by 
Ewnng as an "irritating” agent causing pathologic changes in the 
bronchi ultimately leading to cancer Ewing, therefore, believes that<j 
the “chief etiologic factor” ot_bronchiogenic cancer is tubTrculos^ 

It IS of intoSt, how ever, that the occurrencrof Tuberculosis and of ^ 
cancer m the same person or in tlie same organ is rarelj seen at< 
necropsy This rant} was emphasized by Rokitansk}, who ex- 
pressed the belief that the two diseases are mutually antagonistic 
Lubarsch, Reinhart, and Albrecht, m studies of large necropsy ma- 
tenal concurred with this observation The problem was reinvesti- 
gated by Raymond Pearl, who also arnv ed at the c onclusion that ther e 
IS an antagonismietw e_en the^two_diseases This author found that 

“In 886 persons of both sexes and races compared who had a great deal 
of florid, active tuberculosis (acute, ulcerative tuberculosis of the lungs or 
intestines, tuberculous menmgitis, canes of the vertebrae) there were but 
eleven cases of malignant tumors, or 1 2 per cent of the total number On 
the other hand in 886 persons with no recorded lesion of tuberculosis at 
autopsy having tlie same age, sex and racial distributions, case for case, 
as the ver} actively tuberculous, tliere were 82 cases of malignant tumors, 
or 9 3 per cent Among the females, both w hite and colored, there was not 
a single case of malignant growth m those with much active tuberculosis ” 
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1 Pearl arrived at the conclusion tliat “only rarely does an active considera- 
ble tuberculosis coexist with a mahgnant neoplasm m the same individual 
\ which IS apparently due to a significant antagonism between the two 
> ' patliologic phenomena which disappears when and if the tuberculous process 
; retrogresses or heals, particularly by the fibrotic route ” 

The causes for this curious “antagonism” cannot be explained at the 
present time wuth certainty It is possibly due to differences m the 
metabolism of patients with advanced active phthisis 

The role played by a particular dietary regime in the ongin and 
giowth of cancer has been the subject of numerous investigations 
that have led to contradictory conclusions Whereas some evidence 
has been produced to show that food laclong in one particular vitamine 
may occasionally lead to the development of a new growth, it has 
also been demonstrated that “poor nourishment” will hamper the 
advance of an already developed cancer and probably will to some 
degree interfere with the inauguration qf_a cancw_at. the very be- 
ginning - Thus Friedberger and his associates in a series of experi- 
ments have shoivn tliat the growth of the Jensen rat sarcoma is largely 
influenced by the quantity and quality of the food supply In their 
experiments, food poor in calories or m vitamines, whether due to 
overheating or to an irrational balance of salts, will interfere -with the 
growth of a tumoi On the other hand overfeedmg ivill favor a 
neoplastic prohferation It is possible, then, that in the florid type 
of tuberculosis the consumption of particular food-stuffs wuU lead 
to a condition interfering with the development of a mahgnant neo- 
plasm, the cells of which, as shown by Warburg, are “voracious” 
as compared with those of the normal somatic 
The rarity of a carcinoma bemg engiafted on an acute exudative 
tuberculous process may also be due possibly to the fact that acute 
tuberculosis causes death of the patient long before an epithelial 
malignant disease has had time to develop FmaUy, the “significant 
antagonism” of the two processes in the same organ may be explained on 
the following basis In mdividuals with a chronic productive tjqie of 
\ tuberculosis there occurs an active response of tissues by repair, that is 
I by regeneration In these patients with a protracted phthisis the proc- 
of regeneration of the epithelial structures may then ultimately 
develop mto a malignant disease If acute exudative tuberculosis 
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does not bnng about the death of the patient before cancer has ha 
tune to develop, the reaction of repair or regeneration in these ir 
dividuals would be so insignificant as to eliminate whatever cancel 
producing effect they ordinanly possess 


It IS of interest in this connection that cancer will at times develo] 
m cases of lupus vulgaris (the tuberculous ongin of which is beyoni 
doubt) which show a tendency toward healing, that is regeneration 
whether by natural means or due to Roentgen rays ' 

The caranogcnic potentialities of syphilis have been observed b} 
clmicians, who noticed that syphilitic lesions of the mouth, and als< 
of the tongue are frequently followed by the development of leubo 
plakia^ (metaplasia), which in a number of cases ends in a nialignar*! 
epithelial tumor The changes caused by the spiroclrli 
in the lungs of adults are still under discussion The 
specific pulmonary lesions arc, however, often comphea'o’ i 
secondary infection with vanous pathogenic and saprophyip^ r:V'> 
organisms which are often associated with bronchicctV'is ::sc; 
chronic diseases of the broncliial tree The etw\->rc a,*! r cf 
Schaudin’s spirochete in the genesis of pulmonary .-I— 
whether as a determining or as a predisposing facte- imms- « e.- 
tablished with certainty 


Other vancties of spirochetes, and ani fcd*amth., 

whose carcinogenic potentialities for otaT^'-caia. have becn“e. 

ncction vvith bronchiogemc cX'Jf 


B TherSlcofr„Jlucn=av 

”t;' "r". 

investigators have stud-a <ijrcr.jir*f^^^ ' 

-m_ea <Uicr<jit stages o, th. 

* The antagonism be*Te*c2 — ,1 j 

the rare occurrence sth ^ 

lencc of putaonary '-'-wa r. 

lungs IS not at aU I rera csdhion ^ ^ , 

^Recent , v 

uudlsulopLlcnV'ir,toX'^'"'"'“’»‘i-«=.o.i'--^nsc w 

“o‘ ^ “• — 
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descnbed the pathologic anatomy of the lungs found in influenzal 
pneumonia as follows 

“With influenzal pneumonia changes in the small bronchi, especially 
those which do not contain any cartilage in their walls may vary from super- 
ficial necrosis of the mucosa to complete destruction of the bronchial wall, 
so that the bronchus is replaced by a small abscess surrounded by consoli- 
dated alveolar tissue Various degrees of injury are inflicted on small 
bronchi, namely, necrosis penetrating a variable distance into the bronchial 
wall and occasionally extending to adjacent alevolar tissue, peribronchial 
hemorrhage or peribronchial pneumonia in a zone encirchng the bronchus, 
presumably due to direct extention of the injurious agent through the 
bronchial v all and bronchiectasis ” 

In thirty-eight of ninety patients that died of influenzal pneumonia 
Askanazy found 

“die normal columnar epithelium of the bronchus to be replaced by strati- 
fied squamous epithelium, or diat there occurred a metaplasia (protoplasia) 
of the bronchial mucosa ” 

Wmtemitz in addition to protoplasia found 

“in many cases (he does not indicate die number) epithehal proliferation, 
invasion of the surrounding pulmonarj’- tissue, and a typical histological 
picture of an infiltrating malignant epithelial neoplasm ” 

Cancer of the lungs as emphasized elsewhere m this treatise is 
broncliiogemc The disease in these organs results from an excessive 
(pathologic) regeneration of the “basal” cells of the bronchial mucosa 
In a number of instances the regeneration results m the formation 
of a lay’^er of stratified squamous epithelium, that is, there occurs a 
protoplasia of the bronchial mucosa Since m other viscera this 
particular type of regeneration has been observed to end ultimately 
m the formation of a cancer m about 30 per cent of mstances, it 
was presumed by some observers that the same pathologic phe- 
nomenon would hkewise hold true for the lungs These observers 
have therefore expressed the belief that the alleged increase in pul- 
monary' cancer resulted from the epidemic of influenza of the year 
1918-1919 
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Ho\\cvcr, those Avho have investigated clinical matenal found that 
a very small number of their patients had influenza or influenzal 
pneumonia prior to the pulmonary malignant condition Thus, 
Kikuth hy investigating the records of 249 patients that came to 
necropsy in tlie period from 1889 to 1923 found a history of influenza 
preceding the bronchiogenic cancer in 21 cases only Stachchn found 
that of 67 cases of pnmary cancer of the lungs _1,7 had occurred since 
the middle of 1918, and of these 4 only gave a history of influenza 
preceding the malignant condition Simpson’s material fcve'als" that 
iiT 139”heSdpslcs“dnl^ S patients have developed a bronchiogenic 
cancer following an attack of influenza In the author’s matenal of 
47 patients observed since 1918 only 1 gave a history of havmg had 
influenza dunng the epidemic 

There also is a disagreement as to whether the alleged increase in 
this malignant disease began m the penod following the epidemic of 
influenza In 1912, Adler and a few workers of the last two decades 
of the nineteenth century stated that pnmary caranoma of the lung is 
probably not of rare occurrence but that the disease is overlooked or 
not reported In mote recent years Staehclin noted that in his ex- 
perience the climax of the raise was in the years 1912, 1913 and 1914 
In Seyfarth’s matenal of 307 patients pulmonary neoplasms occurred 
m 11 23 per cent of all cancers in the period between 1914 and 1918 
and m 8 75 per cent between 1919 and 1925 

Tmally, it is problematic whether an “acute” irritating agent 
such as the etiologic agent of influenza, can initiate a cancer The 
opinion IS prevalent that only a protracted application of an irritating 
agent will provoke a malignant tumor Literature contains but few 
reports where the authors claimed that a malignant epithelial process 
had been inaugurated by a single application of an imtant Stauffer 
from Bruno Bloch’s service observed the appearance of an ulcus rodens 
on the cheek in a sixty-sii-year old foundry worker thirty days after a 
bum The patient had had, however, hyperkeratosis and a “pre- 
cancerous" condition of the skin for a number of years prior to this 
accident Stauffer is of the opinion that in instances where a cutane- 
ous cancer rapidly follows a single application of a traumatizing 
agent, the part of the skin in the vicinity of the cancer which has not 
been subjected to trauma should be investigated, for it is possible 
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others suggested that tar, gasoline, and other substances used by- 
automobile cars act in all probability as chemical irritants upon the 
bronchial tree, leading to epithelial malignant disease Kimura 
claims to have produced pulmonary cancer by injectmg tar into the 
trachea of laboratory animals His experiments should be accepted 
with reservation, however, since only one rabbit and one gumea pig 
were used 

Smith (1928) by exposing mice to coal tar fumes, to fumes from the 
exhaust of an automobile, and also by painting the rodents -with gaso- 
Ime for a period of five months, could not produce carcinoma of the 
lungs in the coal tar series, it occurred once m 26 mice exposed to 
exhaust, and once in 29 mice painted with gasoline This proportion, 
according to Smith, is not greater than the laboratory spontaneous 
occurrence of primary pulmonary cancers ordinarily found m white 
mice 

It is not at all certain that the alleged increase m the incidence of 
pulmonary cancers comcided with the inauguration of the custom of 
pamting the roads with tar Moreover, in Russia, where the primi- 
tively-built roads are not painted by tar, and where the number of 
automobile vehicles is mfinitesimal, Davidoff, Uspensky and others 
have noted a marked mcrease in bronchiogemc cancers in the last 
ten years It would appear, then, that the supposed recent increase 
in bronchiogenic cancers cannot be regarded as being the result of 
painting of roads with tar or its products 

D Bronchiogemc cancer and trauma 

The etiologic relationship between trauma and -visceral cancer may 
briefly be considered here That accidental or surgical trauma of an external 
organ of structure has been followed by the development of a benign or 
malignant neoplasm in the traumatized area has been occasionally ob- 
served However an etiologic relationship between trauma and cancer of 
an internal organ has never been satisfactorily established, for it is obvious 
that m mstances when a mahgnant disease of an internal organ has closely 
followed a traumatic accident the possibflity of the trauma bemg merely 
accidental and bemg superimposed upon an “occult” tumor or on a previ- 
ously existmg precancerous condition (sunilar to the case of Stauffer) 
cannot be excluded 

Wells and Cannon described an instance when a bronchiogemc cancer 
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.ippcired following a trauma of the thoras Thej believe tint there 
existed an etiological relationship between the two events basing their belief 
on the facts that (1) a roentgenologic eaaniination of the chest performed 
just following the occurence of the accident did not reveal any disease in the 
lungs and (2) the tumor developed in the area where the trauma occurred 
However the usual negative roentgenologic finding has a verj limited 
V aluc Thus, in mv series, tw o patients suspected of hav mg tumors of the 
lungs vielded negative roentgenologic resulU, yet the necropsy, performed 
shortlv after the roentgen ray cvamination took place, revealed tumors of 
the bronchi One of these, w ilh ilv pical signs of an intracranial lesion of 
about four months duration, was investigated by a competent roentgen- 
ologist for the presence of an mtrathoracic ncojilasm but the lungs were 
found to be “clear ” The neeropsv, however, perfonned a few days later, 
revealed a small bronchiogenic cancer with metastascs The author is 
I verv sceptical of anv etiologic relationship between single traumatic insults 
I and cancer of the vascera ^ 

Comment 

The study of the etiology' of cancer comprises three distinct phases 
(1) The extrinsic factor, that is the tissue “mjurer ’ which is brought 
from without (and possibly also from within), (2) the intrinsic factor, 
that IS the “readiness” of the host to undergo canceris.ation, and (3) 
the intimate mechanism of the transformation of the cell from a 
physiologic into a pathologic malignant status 

Whereas the last two points are not y’ct understood, the first is 
thought to be fairly well established loday ‘irritation’ (the 
theory expressed for the first time bv Virchow) is regarded as an 
essential factor in tlie causation of an cpitheh il malignant condition 
Chemical, thermal, and physical substances of different kinds and 
1 likewise parasites and bacteria arc considered as agents playing 
I predisposing roles in the development of a neoplastic disease 

It IS remarkable, however, that the ‘ irritation” docs not lead 
abruptly to the dev elopment of a malignant disease Experimental 
and clinical observations have shown that there occurs a rather con- 
siderable “pause” or latent period between the time the injury was 
applied and the appearance of the disease itself Largely because of 
this fact the factors or agents which have virtually determined the 
disease cannot be ascertained This holds true particularly m the 
so called “inaccessible” (internal) cancers 
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An analysis of the life histones of the 47 patients with bronchio- 
genic cancers studied by the author failed to point toward any one of 
the factors referred to as being the probable agent causing the malig- 
nant disease In some instances the patients had suffered broncho- 
pulmonary disturbances for a few years prior to the present illness 
This has been often interpreted as the preceding “chronic irritation’^ 
which has led ultimately to a malignant condition It is very likely, 
however, that in many patients these symptoms were really due to the 
already existing pulmonary cancer Bronchiogemc cancer usually 
runs a protracted course, and marked subjective symptoms often 
appear only when the tumor has attained large dimensions or has 
been secondanly altered, that is, has undergone degeneration The 
tumor, then, m its slow and silent advance usually buries with it the 
particular agent which might have inaugurated its growth,® but it is 
beyond doubt that irritation is as necessary a predisposing factor in 
the causation of cancer of the lungs as it is m cancer of other organs 

Apparently bronchiogemc cancer is merely a part of the entire 
problem of malignant disease, and its true etiology will not be known 
until the final solution of the whole problem is at hand 

III HISTOGENESIS 

A The bronchiogemc ongtii of ■pulmonary cancer 

Histogenetically, primary cancer of the lung has been divided by 
previous writers into three groups adcording to the epithelial units 
which the lungs have been considered as containing (1) the epithelium 
lining the bronchi, (2) the epithelial cells which form the mucous 
glands, and (3) the epithelium said to line the pulmonary alveoli 
(the air sacs) Microscopically, the classification was based on the 
folloivmg criteria (1) on the type of cells said to resemble those of the 
matrix, (2) on their arrangement, and (3) on some properties of the 
cells such as secretion of mucous Some observers have also based 
their genetic discrimination on the gross appearance of the tumor. 
Ewing, who classified the tumor into the groups just mentioned, 
stated that the combination of the clinical history, gross anatomy and 

‘ The Gong'^lonema neoplasticiim which inaugurates carcinoma of the fore-stomach of 
the rat could nev er be found m the more advanced stages of the tumor or m its metastases 
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the protein clinical manifestations of this malignant disease Ihe 
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gross anatomy m this condition, as m cancer of other organs, will 
hardly furnish criteria as to the particular histologic structure which 
gave origin to the growth Finally, the microscopic features of a 
fully developed pulmonary tumor will point to Us histogenesis in 
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exceptional cases only, the morphology of the neoplastic cells varies 
from one tumor to another (columnar, cuboidal, spindle-shaped, 
so-called “oat” cells, squamous epithelial cells, basal cells), and even 
in the same tumor their form frequently varies from area to area 
(fig 2) On the contrary the arrangement of the cells is rather uni- 
form, in most instances being that of adenocarcinoma 

The difficulties m the genetic tracing of a primary pulmonary cancer 
can be illustrated by the fact that most observers are cntical as to the 
existence of tumors having their ongin m the alveolar cell, while 
others (Letulle) do not include in their classification tumors originat- 
ing in the mucous glands 

Of particular interest are blastomas said to originate from the 
cells lining the pulmonary alveoli (so-called respiratory epithelium) 
Cancel ongtiialmg from cells hmng the alveolar wall Passler (1896) 
was the first to give a comprehensive discussion of the question and 
also to review 54 cases of pnmary cancer of the lung which he found 
at that period in the literature He reached the conclusion that of this 
number 47 originated, m all probability, m the bronchial mucosa, 
while in the olhers, the histogenesis could not be established He 
stated, moreover, that cancers having their origin m the pulmonary 
parenchyma are unknown, or at least that the nonparticipation of 
the bronchial epithelium in these cases could not be excluded Domeny 
(1902) thought that tumors made up of small and large nodules com- 
posed of small polymorphic cells forming “pearls” are of alveolar 
origin Other pathologists claimed that squamous epithelial tumors 
usually originate in the alveolar cells (Beitzke) 

In 1912, Adler published his monograph containing a critical review 
of 374 cases of primary carcinoma of the lungs He wrote “It is 
'' now held that carcinoma starting from the pulmonary alveoli is ex- 
tremely rare, and some go so far as to deny its existence altogether ” 

’ Adler himself was of the opinion that the great majority of primary 
carcinomas of the lungs develop from the l^onchi, and that a cancer 
of the -lung^iSj.stnctly'BpeakingTirbronchial carcinoma Neverthe- 
less, he admitted the existence of alveolar cell tumors which are built 
up “not of flat but of cylindrical epithelium ” More recent observers 
state that in instances when the alveolar septums are lined by neo- 
plastic cells forming papillary projections the tumor has originated in 
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the “rcsiiiritorj cpithclunii” (fig 3) However, tins criterion, loo, 
IS erroneous priniarj pulmonary cancer often met<istasizcs to other 
parts of the same lung and also to the other lung by w ay of the bronchi 
(bronchial emboli), in which case the neoplastic cells invading the 
aheoli line their walls m a sMicjtial manner I he author’s e\pcn- 
mental and dinical studies in this matter baa e kd him to the con- 
clusion that the walls of the alveoli are virtu illy "naked” and that the 
cells found in groups along the septums of the air sacs arc not epithelial 




Fig t Tin I im\c oi the W'AtL or Tin Air Sees di Nrori istic Ci i ia in liRoscmo 
rj Mc 


but mesenchjmal in origin (figs 4 and 5) and consequently could not 
be eapected to produce carcinoma Ihe matter may be briefly 
restated 

Evperimcnts by previous workers lia\e shown that when \ital djes in 
solutions are introduced into the blood stream of animals thee are mstan- 
taneousl> picked up (phagoc> tosed) bj one varietj of cells m a specific 
manner, being deposited in the cellular cj toplasm as fine and coarse granules 
Likew ise, certain lipoids (cholesterol, olive oil) introduced per os or paren- 
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terally are attacked essentiallj’’ by the same large phagocytic cells — the 
macrophages which dispose of this substance m a way similar to that of the 
dye Interesting features in this process are the prompt morphologic 
changes and the rapid proliferation of these cells 

I have observed that after the injection of oils and dj^es, respectively, 
mto the lungs of rabbits or cats bj"^ way of the trachea, the cells found 
along the wall of the air sacs respond in exactly the way the macrophage does 
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no disease, provided the cMrapulmonarj tissues of the animal are spared 
contamination Investigation of tissues from the rabbits so infected has 
disclosed that the pathogenic microorganism is retained in the pulmonarj. 
tissue and is dcstrojed m silii ivithin a short time after the injection As 



Fig 5 A PiiOTOiiiCROCRvXpir irom a Dr/Uvinc trom \ Secmfvt of \ Cvt’s Lu^c 
Foixowing Intratrachevl iNjFcnos OF Cod Luer Oil 
The cells alongside the septum and those l>ing free in the aKcoli ire identical, both 
being macrophages For comparison, a macrophage from the wall of the splenic sinus is 
inserted in the right lower corner 

m the previous eaperiments with the vital dye and with the oil (which should '' 
be regarded as “model infections”), the bacillus is instantaneously attacked '1 
and phagocy tosed by the local macrophages located within the pulmonary 
septums, and also by those “lining” the wall of the air sacs 

Since the tubercle bacillus is known to be the prey of the monocyte par 
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excellence, it was thought of interest to studj the behavior of these cells 
(the alveolar “epithelial”) in the presence of the acid fast bacillus For 
that purpose rabbits were infected with Koch’s bacillus by way of the 
blood stream and bj w'ay of the trachea respectively, each rabbit receiving 



Fic 6 Infection of Rabbits mith Tubercle Bacilli ba Way of the Trachea 

Under the influence of the acid fast bacillus the ah'eolar “epithelial” cells haA e increased 
in size taking the aspect of large mononuclear phagocytes Some of them are seen as 
wandering macrophages hlethylene-blue-eosin, X 850 

one half a milligram of bovine tubercle bacilli emulsified m a physiologic 
solution of sodium chloride The animals w'ere killed at intervals of from 
one minute to several weeks after the infection and their tissue studied 
As in tlie previous experiments, the essential reaction to the Koch’s 
bacillus was that of the alveolar “epithelium ” Indeed, w^hen the lungs 
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were eviiiiincd one minute after the intntncheal injection of tlic baciUi 
there had occurred alreadv a metamorphosis of these cells into large cells, 
asilh a foama catoplasm so characteristic of the macrophage (tig 6) 
There occurred also an ama/ing proliferation of these elements, and manv 
of them dclaclicd tlieinscKes from the alacolar wall to participate in the 



Tig 7 lancnos or Rmibit;, with Tudercll Bvcilu na W\a or iiir Triciiev 

Showing a “primltiic tuberde” formed by the alveolar “epithelial” cells 10 minutes 
after the injection ot the acid fast bacilli Methylene blue cosin, X 850 

mtraalveolar exudate Ihet also showed phagocttosis cn masse of the 
tubercle bacilli Within from fix e to ten minutes after the infection “primi- 
tive tubercles” could be found scattered oxer the sections formed b\ the 
alveolar “epithelial” cells (fig 7) It has been observed also that the 
alveolar “epithelial” cells take part m the extrahepatic formation of bile 
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The interpretation of the results obtained is obviously open to objection 
on embryologic grounds Embryology teaches that the air sacs of the 
embryo are lined with a single layer of cuboidal epithelial cells It is 
assumed that as a result of the first respiratory effort certain of these cells 
become flattened and some lose tlieir nuclei altogether, thus leading to the 
formation of the amtdcaled plate-hkc cells of the functioning alveolus 



Fig 8 To Show that the Wale of Air Sac is Virtually “Naked” 

The few cells found in groups alongside the septum display characteristics proper to 
mesodermal cells (macrophages or histiocytes) Human lung Methylene-blue-eosm, 
X 600 


However, recent investigations of the fetal lung revealed that there exists 
much uncertainty among investigators as to the embryology of the pri- 
mordium of tlie air sacs Thus, Rose, m a study performed in Professor 
Oertel’s Pathologic Institute at McGill University, reached the conclusion 
( that the lungs have a double origin endodermal for the bronchi, and meso- 
’ dermal for the alveolo-capillary structures Developmentally, accordmg to 
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Uus auUior, the bronchi mvatle n lavcr of mesoderm, the cells of tvbiclr form 
the capilhrj s> stem and Uic cells of the scptums Ma\imo\\ in his Textbook 
of Histology IS as vet undecided, urging “a thorough embrj ological mv esti- 
galion of the lungs m the later sUigcs of intrauterine life,” while Poheard 



Tig 9 A Piiotomicrooruu From v SECMrvr fq v Pulhowrv Alveoluj 

The poIyTuorphism of the cells lining the septum must be noted The Similantj be 
tv-een the fi\ed second cell (from above) and the free cell to Us right (the cxud'vte) is note 
^\orthy Methjlene blue eosm, X 700 


and Chiodi believe tliat ongmall} cuboidal epithelium lines the air sacs 
but disappears in the later stages of fetal life, to be replaced by mesenchyma’ 
cells 

Investigation made on adult human lungs likewise shows that the 
air sacs are in all probability “lined” not by epithelial cells but b> 



408 


B M TRIEO 


rnacrophages scattered in groups along the alveolar walls (figs 8 
and 9) Since these cells are mesenchymal in ongm they therefore 
could not give nse to an epithelial malignant disease If one there- 
fore excludes the alveoli as a possible source of carcinoma, there re- 
main to be considered the mucous glands and the bronchi 

Cancer originating from the mucous glands The mucous glands are 
structures that he underneath the bronchial memhrana basalts In- 
deed, being made up of epithelial cells, they are considered as being 
liable to transformation into an epithelial malignant new growth 
However, Letulle did not include such a vanety of tumors in his 
classification, and, the few cases reported in literature which holds 
that the condition was believed to have originated from these units 
are wholly unconvincing No one has ever observed an early cancer 
of this kind, and the criteria, such as the glandular structure as well 
as the presence of mucous, which are supposedly characteristic of 
these neoplasms, in reality distinguish a great many tumors originat- 
ing from organs that normally form no mucous material Finally, 
the cells of which the glands are made up are fully differentiated and 
“apotent” thus being unable to regenerate and undergo a malignant 
metamorphosis This will be discussed shortly 
! The foregoing clinical, pathologic and experimental observations 
1 point toward the conception that primary carcinoma of the lungs is 
^ only bronchiogenic in origin 

B Regeneration of bronchial cptthehum and pulmonary cancer 

The causal and formal genesis of cancer in general and that of the 
lungs IS a matter of dispute Apparently a malignant disease in 
the lungs results from the ‘ cancerization” of the somatic cell, prob- 
ably m several ways First, individual cells may acquire the disease, 
leading to their anarchic growth Second, a local malignant condi- 
tion may possibly be due to a systemic bodily imbalance of some kind 
It IS, moreover, probable that both conditions are required for the 
development of the malady, but many observers are still uncertain 
whether a fully differentiated epithelial cell is liable to become can- 
cerous 

It is well established that one of the factors leading to the develop- 
ment of a cancer is chronic inflammation, namely, irritation which 
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CAUses cicgcncrAtiou of cells eventually followed by nn excessive re- 
generation How ever, in the lungs tlie columnar epithelial cells lining 
the bronchi have never been observed in a state of regeneration as 
evidenced bv mitoses and proliferation 

Ribbert was probably the first to emphasize the fact that neoplasms 
originate usually from cells which art not fully differentiated, other 
pathologists stated that in cverj organ there exist "embryonal centers” 
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Fig 10 A PiiOTOiiicROCRVni iRoit \ IIuu\n Uronciius Showing Tin: E\Rt.v St\ge 
or Bas^l Cell pROLirER-Mios 

Ihc peribronchial tissue shows si};ns of inflammation The bronchial mucosa is de 
tachecl from tlie basal membrane, which is eclemntous, being invaded b> small l>rapho 
evtes The cellular agglomerations indicated by arrows arc regarded as llic beginning 
stage of proloplasia (metaplasia) 


(physiologic centers of proliferation) which serve as a point of de- 
parture for tumors The problem is complicated m that with the 
methods of observ ation at the present time the actual metamorphosis 
of a somatic cell into a malignant cell has never been observed The 
skepticism IS therefore based on the observations (1) that a full> 
differentiated cell is generallv “apotent,” and (2) that regeneration, 
which IS a forerunner of a malignant condition, is performed in most 
instances b> cells other than those which appear at first glance to be 
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affected by the noxious agent The skin is an interesting example in 
this respect In the presence of damage to this structure, regeneration 
of the cutaneous tissue wiU occur by virtue of the basal cells only, 
which are probably postembryomc undifferentiated cells , but when these 
cells, too, have been damaged, a skin graft is required for the repair of 
the defect 

The lining of the bronchi and their divisions is made up of three 
different types of cells columnar ciliated cells, goblet cells, and basal 
cells— a variety of small oval cells having a narrow cytoplasm and a 
nucleus rich in chromatin The last mentioned cells he close to the 
basal membrane, they do not form the uninterrupted syncytium 
observed in the skin, but are irregularly scattered forming cellular 
agglomerations (fig 10) Observation reveals that in the respiratory 
tract the process of regeneration takes place by virtue of these “basal” 
cells, which are endowed apparently with latent developmental 
potentialities 

In chronic bronchopulmonary diseases accompanied by damage of 
the bronchial epithelium, one often notices that instead of the ciliated 
epithelium there appear cuboidal cells supenmposed by many layers 
of “transitional” epithelial cells which have originated from the 
preexisting “basal” cells Likewise, in inflammatory processes the 
cells lining the smaller bronchioles have a tendency to invade the sur- 
rounding granulation tissue forming tubular structures (fig 11) This 
was erroneously described as pulmonary alveoli lined by alveolar wall 
cells which had “reclaimed” their embryonic cuboidal aspect (“re- 
gressive metaplasia”) (fig 12) The epithehum of the proliferated 
bronchioles also not infrequently invades tuberculous cavities lining 
their walls where they ultimately become cancerous (It is also 
possible that the cancerous transformation peceded the invasion of 
the cavity) Askanazy described an instance in which the “basal” 
cells proliferated to such a degree as to invade the bronchial mucous 
gland I have observed the same picture in man and also m experi- 
ments on cats and rabbits with the intratracheal injection of oils 
In all instances, when the ciliated columnar cells were destroyed or 
damaged, the “basal” cells showed only active regeneration (mitoses 
and proliferation), they formed many layers of small cuboidal or 
“oat”-shaped cells and also invaded the peribronchial alveoli 



PRIVtARV CARCINOMA OF IHE LUNG 


411 


i;\-penmental and clinical investigations sliovi that cancer is always 
preceded by a process of regeneration The development of epi- 
thelioma in areas subjected to roentgen rays, the occurrence of epithe- 
lioma of the hp m those who smoke pipes, and tar and paraffin cancers 
are widely known Observation has shown that cancer of the lungs, 



Fig 11 SuowtsG Ini isiov or the GRA-naATios Tissue by tnr Basal Cells of to 
B sovcaos 

too, usualK follows a long-standing chrome inflammation Ewing 
for instance, expressed the belief that the chief etiologic factor o 
carcinoma of the lungs IS tuberculosis, other observers have found i 
in patients w ith bronchiectasis, and w ith pulmonary syphilis Tuber 
culosis, sj-phihs and other long-standing pathogenic infections of th 
lungs, such as chronic inflammatory processes, cause damage of th 
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lie 12 Shouing Xe« loRiimoN oi Bronchiolar-like Structlres ih av Area or 
Y00.G Gr-anutation Tissel, in a Case of Influenzal P>n;uiiOMA 
This condition in a sclerosed lung is a counterpart of -nhat one obser\'es in atrophic 
(Latnncc’s) cirrhosis of the Iner where new bile ducts are formed in the connecti\e tissue 
w'hich surrounds the hepatic lobules The glandular structures demonstrated m this 
photomicrograph were interpreted b\ older pathologist as “pulmonary alveoli” m which 
the flat rcspiratorj epithelium has “reclaimed” its fetal cuboidal aspect Hematoxylin 
and eosin X 300 Figures 12 13, 54, 55, 50 57 and 00 arc from patients studied at the 
Beth Israel Hospital, Boston through the courtesy of Dr Harry Lmenthal and Dr M 
J Schicsinger 
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bronchial mucosa followed by excessive (pathologic) regeneration 
which eventually leads to the development of an epithelial malignant 
disease 

Ihe apparent lack of anj activity in the process of bronchial repair 
on the part of tlic ciliated columnar epithelium m the presence of an 
active “basal” cell proliferation leads the author to favor the con- 
ception that only the latter cells arc concerned in the genesis of an 
epithelial malignant disease m the lungs 

C Metaplasia and pulmonary cancer 

Post-mortem material reveals that a large percentage of all pul- 
monary tumors are of the basal or squamous cell tvpc Since normally 
such cells arc absent in the lungs, the origin of these tumors was said 
to be due to a conversion of the ciliated columnar cells into the squam- 
ous epithelial variety Ihe condition is therefore designated as 
metaplasia (fig 13) Ihis conception of a direct transformation of one 
“well charactcrucd tissue into another equally well charactcri/cd but 
morphologically and functionally different” was advanced for the 
first time by Virchow Such hvpothcsis, how'cver, is not borne out by 
close observation In the first place, as already noted, it is improb- 
able that the “apotent” ciliated columnar tpithclmm is able to trans- 
form itself into any other variety of cell Another point was raised 
by Wells (1929), who said 

“The formation of metaplastic squamous cpiUiehum brings forward two 
puzrlmg topics, one chemical, the otficr embryologic The chemical 
peculiarity is that squamous epithelium is characterized by the formation 
of kctalm, which is a definite chemical compound, formed normalK, as far 
as IS known, by the cells of ectodermal origin, including tlie neurokeratin 
of the central nervous system Wlien cells of endodermal origin, such as 
those lining the renal pelvis or the uterus, take on the function of forming 
this peculiar, insoluble, sulphur rich, indigestible, protective chemical, 
keratin, they have assumed a chemical function which seems to be far 
removed from their normal capacity Hence we must conclude that 
metaplasia involves not only a morphologic but a chemical transformation 
of cells 

“Por tumor pathology, another problem arises When cells assume the 
proliferative activity that is characteristic of malignant disease, they usually 
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lose their more recently acquired functions and retake chiefly the simple 
vegetative function of proliferation But when a transitional or columnar 
epithelial surface becomes squamous through metaplasia, and the same 
protracted irritation that produced the metaplasia continues until cancer 
results, we find that the newly acquired property of forming keratin has 
become fixed and the cancer is a keratinizing, squamous cell carcinoma 
One would expect the epithelium to approach its original, simpler embryonal 
character, rather than exhibit and return so profound and recently ac- 
quired an alteration as the production of keratin ” 



Fig 13 jMetaplasia (Protoplasia) or Broxchial Epithelium in a Human Lung 
The bronchial mucosa is made up of a layer of cells closely resembling those of the shin 
The membrana basalis is dissociated and largely obliterated The tissue between the 
cartilaginous plates and the basal membrane is edematous, it contains newly formed blood 
spaces, and is heavily inhltrated with plasma cells and lymphocytes Hematoxylin and 
eosin, X 110 


Today the original conception of Virchow of a direct metaplasia 
has received a new interpretation Observers emphatically deny the 
authenticity of a direct transformation of the endodermal columnar 
cell into an ectodermal squamous epithelial cell Borst, for instance, 
stated that there is no such thing as direct metaplasia with the per- 
sistence of cells, and other v orkers affirmed that only those cells which 
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are endowed witli “dormant” developmental potentialities may 
undergo new changes Those cells, however, whicli have become 
entirel} “apotent” do not regenerate and become still less trans- 
formed into a new cellular type Most pathologists regard the so- 
called metaplasia as a complicated biologic process of regeneration 
with new formation of cells (neoplastic phase) which is ultimately 
followed by a differentiation (metaplastic phase) Cells with cm- 
brjonic or post embryonic potentialities arc liable to such a meta- 
morphosis, whereas the ciliated columnar epithelium lining the bronchi 
IS a fully differentiated and therefore a “nonrcyersiblc” cell What 
then, IS the origm m the lung of the “foreign” squamous epithelial 
cells? 

The idea of a few obsen’ers that this cell is apparentl) an embraomc 
rest could not be corroborated bv most diligent m\ estigators Clinico- 
pathologic and experimental studies convincingly point to another 
source It would appear that the “basal” cells already referred to, 
which he close to tlic mcmhraiia basalts of thebronchus, arc the progeni- 
tors of the stratified squamous epithelium (fig 14) 

Teutschlander observed the process of “transformation" of this 
cell in the bronchi of rats that died of bronchopneumonia, Goldsieher 
found it in the lungs of diildrcn who died of diphtheria and measles, 
and Askanazy outlined this pathologic phenomenon in the lungs of 
persons who died of pneumonia following influenza 

Of interest arc the expenmental studies bj Wolbach on changes 
in the tissues following deprivation of fat-soluble vitamin V By 
feeding rats a deficient diet, he noticed that the “missing factor” 
caused a vvadespread keratinization of epithelium In the rcspiratorj 
tract die process began in numerous foci, and the rate of die cellular 
growth was rapid, as attested bj numerous mitoses of the basal cells 
What is more, these experiments have shown that the basal cells 
begin to proliferate even before any changes arc detectable in the 
columnar epithelium, which onlj subsequently degenerates and sepa- 
rates from the basal membrane It is also interesting that this process 
IS not necessarilj brought forward bj a previous inflammation, a 
mere stimulus generated b> a “missing factor” from the food causes 
an “alarm" among the cells, followed by their multiplication and 
differentiation 
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Apparently this pathologic phenomenon occurs in numerous cases 
of bronchopulmonary disease Above I have quoted Askanazy and 
Goldzieher who found metaplasia m a high percentage of patients 
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Fig 14 Metaplasia (Proioplasia) of Bronchial Epithelium in Human Lung 
The ciliated columnar epithelium is pushed away by the “basal” cells, which are ag- 
glomerated m masses The columnar epithelium shows no signs of regeneration, as 
e\ idenced by mitoses and proliferation 


who died of pneumonia following influenza and m patients with 
measles and diphtheria In a recent study, Lawrence Smith (1927) 
also observed metaplasia in children with whooping cough Examples 
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of this condition have recently been observed by the author to occur 
in a great variety of pulmonary diseases 

The peculiar character of the dilTercntiatioil of these cells into 
squamous epithelium is interpreted in the light of the ontogenesis of 
the tissue in question From an cmbrjologic standpoint the tracheo- 
bronchial tree and the esophagus represent two sister organs, and 
their development goes parallel Schndde has produced evidence 
to show that in the earliest stages of development the esophagus is 
lined with one laj er of cuboidal cells, which at the fifth week becomes 
double and at the tenth acquires goblet cells and ciliated columnar 
epithelial cells Whereas in the bronchi the development ends at this 
phase, in the esopliagus these cells degenerate and desquamate, 
being subsequently replaced bv a transitional epithelium and finally 
by a stratified squamous epithelium It is assumed, then, that in 
pathologic processes the bronchus, m its regenerative attempt, merelj 
reaches m adult age the stage which the esophagus has attained as an 
embrjo 

It will be seen, therefore, that the process is not a transformation 
of the adult columnar epithelium into a squamous tj^ie, but that a 
development of undifferentiated cells followed b> proliferation and 
differentiation occurs The phenomenon is consequently not that of 
metaplasia, but is one of protoplasm (indirect metaplasia) Briefly, 
then, the process of repair or regeneration m the bronchi is performed 
by the bronchial “basal” cell only In physiologic repair, these cells 
differentiate merely into the normal lining of the bronchus But 
when the process is pathologic, their fate depends in all probability on 
the nature of the stimulus and also upon the “resistance” of the host 
Thus, they may differentiate into mctaplastic islands and so remain 
indefinitely, or they may develop into a malignant condition In 
fact, most pathologists regard the phenomenon of metaplasia as being 
a precancerous stage 


Summary 

1 Carcinoma originating primarily in the lungs is bronchiogenic 

2 Ihere is evidence that when the disease is found in the lungs it 
results from a pathologic (excessive) regeneration following chronic 
inflammation of the bronchial tree 
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3 Of the three varieties of cells lining the bronchial mucosa, that is, 
the ciliated columnar epithelium, the goblet cells and the “basal” 
cells, only the last are concerned in the process of regeneration of the 
bronchial mucous membrane It is assumed, therefore, that these 
cells likewise serve as a sole matrix for primary bronchiogenic tumors 

4 Similarly, primary squamous cell epitheliomas and basal cell 
epitheliomas of the lungs do not result from metaplasia of the pre- 
existing ciliated columnar epithelium, but originate through protoplasia 
(indirect metaplasia) of the undifferentiated basal cell of the bronchial 
mucous membrane 


IV CLASSIFICATION 
A Micioscopic 

Apparently not only the inauguration of a neoplasm but its further 
advance depends on numerous extrinsic and intrinsic factors Thus 
Ehrlich in transplanting cancer from mouse to rat noticed that the 
tumor continues to grow in the new host for a few days only, after 
which time it begins to regress until it finally heals It was further 
observed that even in a homologous animal a grafted tumor will not 
always grow in the new host 

The mechanism of the animal resistance to a neoplasm is not under- 
stood It IS possible that a “natural immunity” akin to that observed 
in infectious diseases, plays likewise a role m neoplastic diseases It 
may be also that the inoculated malignant cells early alter the sen- 
sitiveness of the host thus influencing the development of the new 
growth either by interfering with its further advance, or possibly by 
“shaping” It Thus in experimental malignant conditions it has been 
observed that the “virulence” of neoplastic cells undergoes changes 
under the influence of repeated transplantations, and that a spon- 
taneous cancer in an animal may become arrested and even regress 

Since the virtual onset of a visceral cancer in man cannot be esti- 
mated the natural history of the disease can rarely be ascertained 
The classification of inaccessible human cancer and particularly of 
that originating in the bronchi is, therefore, only tentative, being based 
on some particular stage of the disease which too often represents the 
terminal period of the malady 

In the preceding chapter evidence has been produced to show that 
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(1) primary carcinoma of the lungs takes its origin near or at the 
hilum, (2) that the disease starts m the “basal” cells of the bronchial 
mucosa Because of this “unitarian” conception the histogemc 
classification of older observers (from the bronchial mucosa, from the 
mucous glands, and from the ah eolar epithelium) falls to the ground 
In the following paragraphs the author will therefore consider the 
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Inslolo^tc types of brondiiogcmc cancer encountered m the pathologic 
laboratorj' 

The cellular elements m primarj carcinoma of the lungs are ex- 
ceedingly polymorphic (fig 2, p 399) The morphology of the 
cells in tumors, as alreadj stated, not onlj vanes, but presents different 
cellular types in the same specimen and even in the same microscopic 
field 1 his cellular “colorfulness” is probably connected w ith the slow 
advance of the neoplasm or else with some local factors to which pul- 
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monaiy cancer is subjected, leading to multiple mutations or to pseudo- 
metaplasia (local adaptation) HoAvever, the following types may 
be considered 


1 Bi oiichiogonc adenocarcinoma This variety of tumor originating in 
Uie bronchi does not vary from tumors of the same type originating in other 
organs It is made up of either high columnar cells resembling the tall 
columnar epitlielium of the bronchial mucosa without, however, any cilia, 
or tlie cells are cuboidal The tubules vary m shape and size having one 
or many layers of cells There are apparently no differences between the 



Fig 16 “Oat Clll” Cancer or the Bronchus 


two varieties of tumor as far as the malignant qualities aie concerned If 
one IS to judge from the clinical course of die illness and also from the 
occurrence of metastases, the two t^pes possess an equal degree of malig- 
nancy However, the columnar-cell adenocarcinoma has probably a more 
pronounced tendenej to invade the pulmonary alveoli (implantation 
metastases), whereas the cuboidal is probably more apt to invade the blood 
vessels earlier 

2 Broncliwgcnic medulla) y carcinonia These tumors are usually made 
up of small round cells die size of a small lymphocyte (fig 15) There is 
practicalh no stroma between single cells or groups of cells This blastoma, 
too, has a tendency to invade blood vessels, leading virtually to vascular 
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thromboses It is interesting that the round cell cancer has a peculiar 
tendencj to rapid growth in the li\er, whereas the central nervous system 
shows no melastases The hepatic mclastases show a fine stroma, thc\ are 
well circumscribed, and not infrequentlj undergo destruction as evidenced 
bj fibrosis In one case studied In the writer the new growth was diag- 
nosed as “sarcoma” of unknown origin, and in another instance the histo- 
logic differences between the pulmonary and the hepatic tumors were so 



Tic 17 Basal Cfll I piiiii liomi op iiii 1 1 ft Bronchus 


pronounced that the diagnosis of a “primary double tumor” was suggestive 
3 “Oat" celt cancers Barnard has called particular attention to this 
group of tumors, which were regarded up to recent years as “sarcomas” 
of the mediastinum (fig 16) 

The tumor usually forms a large mass which replaces the lymphatic 
glands of the posterior and lateral mediastinum and infiltrates the peri- 
cardium Histologically the tumor consists essentially of small o\al cells 
with scanty cytoplasm These cells have been likened to oat grains 



422 


B II PRIED 


4 Btouchiogenic basal cell (jjonkeraiimzing) epithelioma {fig 17) One 
patient iMth this variet} of tumor came to the attention of the author 
The histologj’ of the tumor is as follows The new growth is composed of 
polyhedral cells ha^nng a large cytoplasm and a voluminous vesicular 
nucleus The cells are arranged in columns and strands from 2 to 3 cells 
broad which show' anastomosis and branching In areas the cells have a 
tubular arrangement their nuclei are compressed, pushed tow'ard the 



Fig 18 B\sal Cell Epithelioii\ of Bronchus 
The multmuclented giant cells must be noticed 


periphery, the whole structure having a rosette-like appearance In 
places the tumor is rather solid, bemg arranged in small clumps of cells or 
row s of cells Multmucleated cells are found to occup\ w ide areas (fig 18) 
The cells contain a \ariety of mclusions resembling the “parasites” 
described by some w riters, and occasionally “bird’s e> e” inclusions Round 
globules of a different size, stained black with meth} len-blue-eosm are seen 
here and there There is no keratimzation or “pearl” formation Much 
fat is seen m the cells as w ell as betw een them 
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Ihe stroma of the tumor consists of i \oosc, edematous connective tissue 
infiltrated u ith small round cells T he tumor is sharply demarcated from 
the pulmonary parench>ma, uliich shoyys compression of the aheoli and 
thickening of the aKcolar wall Jlitolic figures arc rarely seen 

The lymph nodes show no invasion by tumor, and no metastases are 
found m the other lung or m other visccril organs 

5 Broiichiogeinc squamous cell {keratmizinq) cpith-lioma {Jig IP) This 
y ariety of tumor shoii s a great poly morphism 



lir 19 Ludlrmoio Carcinomx of Kicut liRosaius 
1 he formation of * pearls” must be noticed 


The tumor grons yyithout an> definite arrangement Nests or masses 
of cells are seen scattered oyer the sections surrounded bj thick bands of 
dense fibrous tissue Indiyidual tumor cells are large, pol>gonal or elon 
gated and irregular They csicular nucleus occupies the greater part of the 
cell it IS large, rich in chromatin containing a centrally located, deeply - 
stained nucleolus Large cells nith man} nuclei resembling giant cells are 
encountered here and there Masses of cells yyith the typical appearance 
of the cormfied epithelium found m the so called “pearls” of the epidermoid 
carcinoma are seen non and then 
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The pleura is as a rule involved by tumor Metastases to the other lung 
and to distant organs are common 

Comment 

A histologic classification of malignant tumors is of importance as 
a point of departure for the treatment and the prognosis of the disease 
An attempt to “grade” some visceral cancers on a histologic basis 
according to their malignant qualities was undertaken by Broders of 
the Mayo Clinic mth interesting results A contribution along these 
lines was made by Cushing and Bailey with regard to cerebral tumors 
In a study of gliomas extending over a period of two decades Cushing 
posed the questions 1 What is the basis of the structural variability 
shown by these ghomatous tumors? 2 Has their histological vana- 
tion any clinical significance? Similar studies on a large scale have 
never been made on visceral cancers, and particularly on those which 
originate in the bronchi The bronchiogenic cancer, as referred to 
in this study, was a to ) a tncogmta to the surgeon, clinician and pathol- 
ogist alike Even the roentgenologist rarely committed himself in 
making a diagnosis of this disease With the extensive use of new 
methods of investigation (surgery, bronchoscopy, injections of iodized 
oil, roentgen-rays) a future opportunity which may be of practical 
importance will be presented for tracing the virtual course of the 
disease and then reconstructing the several stages of these blastemas 

From the author’s study of the histologic types it followed that 
one variety of tumor, namely, the basal cell cancer, is of particular 
interest, representing apparently an entity closely related to that 
found m the skin The tumor does not metastasize even to the 
tributary lymph nodes, and has no tendency to degenerate A 
patient with this tjqie ot cancer was under observation sixteen months 
and, what is interesting, the size of the new growth controlled by 
several roentgen-ray examinations has remained practically un- 
changed during this period The duration of the disease in this case, 
as in all the other cases studied, could not be ascertained However, 
the condition lasted apparently many years The incidence of the 
tumor cannot be estimated since previous observers described it as a 
sarcoma of the lung, and in many instances histologic reports are 
entirely lacking This tjqie of new growth is of interest m connec- 
tion with radiation and roentgen-ray treatments of malignant tumors 
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B Macroscopic 

Weller from "a sur\cyin the light of the hundred reports of casts 
now available” discriminated three types of tumors (1) a type 
associated with the hilum, (2) a nodular tviie, and (3) a diffuse tj^pe 



Tig 20 Bas\l Celi. Epitiiluoua of the Left Bronchus 


That this classification, which is also that of most writers, is fallacious 
will be demonstrated in the examples following 

Esamph 1 (fig 20) Basal cell epithelioma of left bronchus without 
viclaslases 
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The tumor was grayish white, moderately firm and friable It was com- 
posed of one large mass occupying the entire apical part of the left lung 
The rest of the lung with the exception of the lower segments of the lower 
lobe, appeared as if it were split vertically in two equal parts the anterior — 
emphysematous and free of tumor, the posterior representing a solid 



Fig 21 Epidermoid Carcinoma ot Right Broxchus 


neoplastic block The new growth originated apparently in a small bron- 
chiole It was veil demarcated from the surrounding pulmonary tissue 
and it did not metastasize 


The patient m this case died of emaciation with deep cachexia 
The tumor is an example of the “massif type ” 



Example 2 {jig 21) Lpiderinoiil carcinoma of the right bromhus unth 
andespread mclaslascs iiicliidiiig the imocarditim 
The plcun over the posterior border of the right lung ranged from 3 to 
6 mm in thickness, and consisted of while, fibrous tissue with firmer white 
plaques, from 2 to 4 mm thick, eomixised of frnble tumor malcri il There 
were a few pigmented Umph nodes at the anterior border of the dia- 
phragm which contained numerous white nodules 

The left primarj bronchus was normal The right was practical!} oc- 
cluded 2 cm below the bifurcation AnteriorU, the wall of the right 
primar} bronchus w is replaced In a friable, white tumor tissue which on 
pressure c\uded soft, white material which on subsequent examination 
proved to contain desquamated epithelial cells, the largest part keratim/ed 
The onh branch of the right primar> bronchus that could be found was one 
leading to the upper part of the right lobe, and the orifice of this bronchus 
was almost completcK frnble tumor, about 3 cm m thickness, which ex- 
tended downward along the inner posterior margin of the lung for a distance 
of 8 cm Antcriorh , the tumor which had replaced tlic w all of the primary 
bronchus extended b} direct contmuiU ox’cr the anterior surface of the 
aorta forming a laser 1 cm thick which extended upward oxer the ascend- 
ing portion of the arch 

Two parallel incisions were mide through the posterior borders of the 
lungs and showed that ill the lung was atelectatic, with here and there 
small bronchiectatic cavities All of the iqiper lobe was tough and fibrous, 
and in the peripheral portion of the lung vxcre a few nodules, a few centi- 
meters in diameter, of friable tissue These tumor nodules were most 
abundant m the lower lobe 

The left lung contained no tumor On the inner surface of the lower 
lobe, tint IS in contact with the pericardium, there were two plaques of 
tumor each a few millimeters thick and 1 cm m widtli 

The tumor in this patient originated in the right bronchus, a little 
below the biturcation, leading to a marked tliickciiing of the bronchial 
wall, spreading along and encircling the bronchi and blood vessels 
It also formed a tumor mass within the thoracic eax ity 

Some authors recognize an inhltratmg type of pulmonarj can- 
cer, which indeed is a trait proper to malignant tumors in general 
Others desenbe a pleural type of bronchiogenic carcinoma How- 
ex er, a marked involvement of the pleura occurred carl} in most cases 
studied b} the xxriter which cannot, therefore, be considered as a 
discriminating feature 
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As seen, this tumor although advanced does not correspond to any 
of the t3^es given by older observers in their classification 

Example 3 {fig 22) Broncluogemc carctnotna of the tight lung with 
metastases to regional lymph nodes and left kidney 



Fig 22 Bronchiogenic Carcinoma ivith Cavitv Formation 
Massive or Lobar type 


Lungs The right lung could be divided into two parts by the much 
thickened interlobar septum The upper part was atelectatic showmg 
thickened bronchi, but no tumor The lower part was replaced by a large 
tumor measuring m its larger diameter 12 cm On cut surface it was 
resihent grayish white and somewhat granular The central part of the 
new growth was dirty red and soft, being made up of clotted blood When 
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this dot IV "IS remoi ed the neoplasm appeared isahollow mass vvhieh occu 
pied tlie middle and loner lobes The nail of the cavitv ms dirtv gra> 
and irregular, forming mammilary projections The lower branch of the 
right bronchus opened into the civitj A fen blood vessels also Jiro 
truded above the surface of tumor having tlieir lumen open 

1 he tumor apparentlj started in a small branch of the middle or the Ion er 
lobe 



IiG 21 Tut “iNriLTRVTiNo” Tvpl or BRovcniorrMC CvvciR 


Here is another example of an advanced tumor which may be 
regarded as the massif or lobar type The “central necrosis” with 
the cavity formation is an interesting feature of many bronchiogenic 
cancers This is of particular interest to the clinician because the 
clinical picture m such cases is that of pulmonary abscess, which will 
be discussed shortly 
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Example 4 {fig 23) Bi onchiogemc cancel of tight lung) metastatic to 
left lung, pleuta, bones, and hver 

Lungs The left lung -weighed 1100 grams The organ had a normal 
color and was enlarged, covering the heart On palpation, it had a finely- 
granular feel as if it were filled with very small glass beads Between the 
nodules, the lung was normal, being elastic and crepitant On section, the 
cut surface appeared to be peppered with disseminated, grayish nodules, 
from 2 to 3 mm m diameter, which gave the lung a coaresly-granular feel 
The mucosa of the bronchi was congested, but did not show any evidence 
of invasion by tumor The vessels were not remarkable on gross 
examination 

The right lung (fig 23) weighed 600 grams The organ was contracted 
and occupied only the upper part of the pleural cavity On palpation, the 
lung was firm and had a somewhat beefy feel The surface of the lung was 
smooth and ghstenmg At the apex, the pleura, which was here about 0 5 
cm m thickness, was firmly adherent to the lung, and the lung in toto 
looked as if it were suspended by its apex m the pleural cavity On section, 
the lung somewhat resembled a pneumomc lung in the stage of red hepati- 
zation In some smaller vessels, grayish, pm-pomt elevations were con- 
spicuous and seemed to be tumor nodules The bronchial lymph nodes 
were enlarged and firm 

The tumor in this case was remarkable in that it infiltrated both 
lungs which is not common The left lung showed a typical nodular 
structure and the right (fig 23) represented a mass of peculiar, beefy 
tissue Here the tumor diffusely invaded the alveoli lining their 
walls and forming papillary projections m the air sacs It also me- 
tastasized to the pleura (leading to its very marked thickening), to the 
hver and to the bones The neoplasm w^hich apparently originated m 
a small bronchiole in the right lung was of the massif type being at 
the same time infiltrating, nodular and pleural 

Example 5 {jig 24) BroncJiiogemc carcinoma of left lung, metastatic to 
pleura, lymph nodes, right lung, adienals, hones, skull, hver, cerebrum and 
cerebellum Also hronchiectatic abscesses and hydiothorax 

Lungs The entire left upper lobe was extensively infiltrated with gray- 
ish-white tumor, the center of which was necrotic The lower lobe of the 
same lung contained scattered tumor nodules, the largest being 1 cm m 
diameter The pleura overlying the lung was thickened and firmly adherent 
both to the pericardium and to the lung 
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The right lung contuncd several firm metastatic nodules, the largest ol 
which measured 2 cm in diameter Tumor also infiltrated the bronchial 
lymph nodes 



Tig 24 The “Nodular Massiie” Type or Beonciual Cancer 

On cut surface the main neoplasm was made up of numerous round nodu- 
lar masses which have fused together forming one massif tumor block 
mvolvmg the entire left upper and middle lobes (fig 24) 
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The bronchus leading to the left upper lobe was obliterated The 
bronchi and bronchioles to the lower lobe showed bronchiectatic cavities 
and abscesses The blood vessels showed their lumen infiltrated by the 
new growth Tumor also was found in the mesenteric, retroperitoneal 
and cervical lymph nodes There were metastases m the ribs, skull, liver, 
cerebrum and cerebellum 



Fig 25 Another EviiiPLE of the “Noduear-Massive” Type of a Cancer of the 

Bronchus 

In this patient, too, the tumor at necropsy was in an advanced 
stage Originally it probably was of the nodular variety, but as 
tune Avent on the nodules coalesced, forming a massive growth in- 
volving the entire upper and middle lobes and also metastasizing 
to the other lung The neoplasm w'hich started in the vicinity of the 
hilum represented then a massive block made up of fused nodules 
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Example 6 (Jig 25) hronchiogentL cancer, mclastaltc la Mum, 

lymph nodes, pleura, adrenals and left kidm-v 

The pleural cavities The right pleural cavitj contained 1200 cc of a 
sti'\\\ colored fluid 

The lungs The right lung weighed 2015 gnms It wns voluminous, 
heavj and firm On cut surface the mam bronchus w as much narrow ed bv 
the solid tumor and its upper and middle divisions were obliterated The 
mam tumor was apparcntl} confined to the mediastinum lying underneath 
the bifurcation of the trachea, between the two mam bronchi, accompanj- 
ing the left bronchus for onl> a short distance The right bronchus, how- 
ever, was followed b> tumor on its mediastinal as])cct throughout its entire 
lengUi up to the entrance into the lower lobe The rest of the lung repre- 
sented a mosaic appearance being composed of nodules of vinous si/e and 
color Some of the nodules had a tvpical cheesy aspect like that seen in 
tuberculosis, others were deei)l> tinged with a jellowish substance, and 
still others had an admixture of carbon pigment The Ijanph nodes were 
m\ olved throughout the lungs and also along the trachea Ihe pleura was 
thick, leatherj and also was hcavilj invaded b\ tumor 
Metastases were found in the adrenals, left kidney and brain A tumor 
thrombus occluded tlie superior v'cna cava for 2 cm beginning at the 
auricular end The thrombus was firmly ittached to the wall of the vein 
Tumor invading the vein was found also above this large tlirombus There 
was a myocarditis, atherosclerosis and divcrticulosis of the colon 
This advanced neoplasm involved the entire lung, composed of 
innumerable nodular masses forming one solid block In the early 
stages this tumor, like that in the preceding case, represented what is 
designated as the nodular type Here, then, is a combination of the 
massive, pleural, and the nodular varieties of a bronchiogenic cancer 

Example 7 (Jig 26) Bionchwgentc adenocarcinoma of right upper and 
middle piilmonarx' lobes, metastases to brain, liver, adrenals and kidney 

Lungs The right lung was considerably larger than the left The right' 
mam bronchus showed no disease Beginning with the first smaller divi- 
sion the bronchial lumen was narrowed and its wall thickened The middle 
and lower bronchial branches were patent The branch to the upper lobe 
was patent for about 15cm, the remainder being obliterated 

The tumor involved the base of the upper lobe and the apices of the 
middle and the lower lobes, leading to a symphy sis of the three lobes The 
left lung showed no tumor 
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The bronchiogemc tumor involved an insignificant part of the 
lung, the death of the patient being precipitated by multiple cerebral 
metastases The new growth could be regarded as being rather in an 
“early” stage of its development It started m a small bronchus at 



Tig 26 An “Earl\” Cancer of Bronchus, Unclassifiable 


some distance from the hilum and grew as a solid mass, spreading 
tovard all three lobes It is impossible to ascertain whether such a 
tumor (had the patient lived long enough) vould ultimately take a 
massive, a nodular or some other aspect 
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E\amplc S (Jig 27) Bronchiogmtc comer of left luiig, metastasa lo 
regional lymph nodes, liver, Kidneys, adrenals and bones 

The lungs The left lung showed a tumor miss v\hich oDgmated near the 
hilum extending toward the periphery It spread along the bronchi and 
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The patient in this case died of an extensive bronchopneumonia at 
a period when the pulmonary new growth had not advanced 
As can be seen this case is representative of the hilum type Had 
the patient hved longer, the tumor which grew as a solid mass would 
have probably taken a “massif” aspect 

Example 9 {fig 28) Bronchiogemc canca of the upper lobe of the left 
lung, wUh multiple metastases to hatn, pancreas and right kidney 



Fig 28 •Vn “Earl\” Bronchiogexic Canci r, Uxclassifiabee, Tr Trachea 


Lungs The upper lobe of the left lung was adherent to the thoracic wall 
posteriorly and partly laterally 

In the left bronchus, at the level of its first division there was roughening 
of the bronchial mucosa and a few grajnsh-white nodules This was con- 
spicuous throughout the entire length of the first bronchial branch distrib- 
uted to the upper lobe The bronchial wall was marked^ thickened and 
its lumen was largely obhterated 
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The tumor mxndcd the left hilum l>mph nodes, which were grCTtl> en- 
larged A \olunimous node measuring 3 bj 5 cm was found m front of 
the trachea at the le\ el of the bifurcation, 1> ing close to the pulmonarj a cm 
Another mass measuring about I cm m diameter was found lying under- 
neath the arch of the aorta surrounding it for about one third of its diameter, 
and lying “astride” on the left bronchus A few nodules measuring about 
3 mm in diameter w ere found in the upper lobe which also show ed atelcclasis 
and infarction The tumor mctastasired to the pancreas, to the kidnca , 
and to the brain 

It IS remarkable that in the presence of the apparently' early bron- 
chial growth the neoplasm in this patient heavily infiltrated the 
regional lymph nodes, metastasized to distant parts of the same lung 
and to other stnictures I he pulmonary tumor could not be classified 
according to its macroscopic appearance 

Uvamplc JO (Jigs 29 and 30) Jtiglit bronchtogeme cancer axtU mclaslases 
to lymph nodes, UJt lung, filer, kidney, adrenal and brain 
Lung The right bronchus and the cparterial branch distributed to the 
upper lobe was normal Of the two divisions of the hypirterial branch, the 
lower, which enters the lower lobe and its ramifications, were patent 
throughout and showed no disease The branch for the middle lobe was 
patent for about 5 mm and the mucosa here was smooda and normal 
Below that, the bronchial lumen was \irtuall\ occluded although a very 
fine probe could pass for about 1 5 cm 

t\Tien the lobe and the bronchus were cut Uie follow mg picture w is seen 
the upper wall of the middle bronchus beginning at its separation from the 
main bronchus was destroyed, being “amalgamated” with a well circum- 
scribed tumor mass The white friable new growth measured about 2 cm 
in diameter being surrounded above by the pulmonara aessels and below 
by the middle lobe bronchial branch from which it was inseparable On 
further inspection one could notice that only a trifle of the median lobe at 
Its base remained free from disease while the rest was replaced by a new 
growth which measured about 12 cm m diameter This w as composed of 
two parts having different aspects one, gray and firm, was confined to the 
upper circumference of the lobe, the other, soft and necrotic looked like a 
capillary hemangioma The parts of the lung free from tumor showed 
bronchopneumonia and emphysema 

The left lung showed no pathologic changes The mam artery of the 
left lower lobe showed a thrombus, small thrombi were found also in smaller 
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Fig 29 The “Lobar-Hilum” Tape of Bronchial Cancer 
Dorsal aspect, M B , ^Main bronchus, P V , Pulmonary vein 
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vessels A small tumor nodule was found m the upper lobe of the lung 
Metastases were present m the brain, m the liver, m the lower pole of the 
right kidney and also m the right adrenal 

The right carotid artery was thrombosed with marked atheroma proximal 
to the site of the thrombus A small ulcerated area with a small thrombus 
attached was found beside the right coronary artery 

The tumor in this case, as in all cases studied, originated m the 
mucosa of the bronchus m the vicinity of the hilum It grew toward 
the bronchial lumen (endobronchial) and toward the pulmonary 
parenchyma The neoplasm represented a ball-hke mass occupying 
the entire middle lobe involving at the boundary the adjacent lobes 
This “Lobar-hilum” cancer showed a tendency to infiltrate the 
healthy tissue m a diffuse way, it was also markedly necrotic 

Genoal cons-ida ahons 

The macroscopic classification of tumors may be either regional 
being based on the localization of the growth (for example, cancer of 
the pylorus, of the fundus, or of the cardia of the stomach) or it may 
be based on their gross appearance (fungating type, ulcerating type, 
and so on) The classification of bronchiogenic cancers as “syn- 
thesized” by Weller from “hundreds of reports of cases” (which indeed 
IS the classification of most pathologists) is inconsistent because it is 
based on one hand on the topography, that is on the region where the 
blastoma started (hilum), on the other hand on the macroscopic ap- 
pearance of the neoplasms (nodular, diffuse) 

Topographically primary carcinoma of the lungs, as said above, 
originates near or around the hilum In rare instances has a case 
been observed where a bronchiogenic cancer was situated somewhere 
m the pulmonary parenchyma without being m direct connection with 
the pulmonary root Apparently the hilum, or an area close to it, is 
the site par excellence where cancer of the bronchus takes its origin 
The distinction of a diffuse and a nodular type is not altogether 
satisfactory since, as shown m the cited examples, a tumor made up 
at one time of nodules may be transformed at a later period into a 
diffuse variety and vice versa The picture, in brief, is not uniform, 
depending upon the duration of the disease, the intercurrent events 
and upon factors which cannot be ascertained 
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Ihe tumors m the senes studied by the writer could be divided into 
the far advanced and into the carlj , or those that have involved the 
pulmonar) parenchyma for a short distance onlj 
The advanced tumors represented in most instances a solid block 
of tissue with or without necrosis, made up cither of one diffuse mass 
or of fused nodular masses In instances the massive growth was ex- 
cavated m the center forming large central “abscesses ” In one case, 
the bronchiogemc cancer occupied the entire middle pulmonary lobe, 
and at first glance it appeared that the tumor could be “amputated ” 
The cancer, however, which was necrotic resembling a large degener- 
ated hemangioma, contained actively growing neoplastic tissue at 
the penpherj, where it came m contact with the pulmonary paren- 
chyma “contaminating” it and leading to adhesions between the lobes 

In all of these tumors, with the exception of three, there was in- 
volvement of the tracheobronchial Ivonph nodes, and also metastases 
to distant organs 

Ihe pleura was diffuselv infiltrated by neoplastic cells m most 
cases, Its thickness varying from 2 to 5 mm Ihcre always was an 
adhesive pleuntis In many instances there was a hjdrothorax either 
bilateral or confined to the side where the tumor started In two 
cases there was a hemothorax In a few cases the tumor invaded the 
lumen of the large blood vessels, forming macroscopic thrombi In 
one instance the new grow th compressed the vessels, leading to stasis 
and to penpheral edema 

In the “early” cases the primarj^ cancer was located near the hilum 
originating in a primary bronchus or m one of its early divisions In 
the area where the tumor started, the bronchial wall was thickened 
as a result of infiltration by neoplastic cells The malignant new 
growlli usually spread m both directions (1) toward the lumen where 
It formed either mammillary projections or a solid mass, resulting m a 
narrowing of the bronchial lumen, (2) toward the pulmonary paren- 
chjTua replacing it cither diffusely or by fine projections 

At the border of the new growth the blood vessels often showed 
thickening of their wall which under the microscope appeared to be 
due to either degenerated vascular changes or to invasion by malig- 
nant cells 
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The carcinoma presented a translucent surface often studded with 
pigment and opaque, semmecrotic tissue In many sections through 
these tumors there were seen small and large blood vessels occluded 
by recent or organized thrombi and m one instance the tumor extended 
into a large vessel adjacent to the primary bronchus involved Oc- 
casionally, small infarcts of the lungs were seen, small nodular metas- 
tases to the same lung were noticed at the “early” stage m a few 
instances There were, as a rule, some pathologic changes m the same 
lobe of the lung, which was the site of the tumor for example, compen- 
satory emphysema, infarction and recent inflammatory processes 
In studying reports of cases from medical literature one is impressed 
by the multiplicity of classifications of pulmonary cancer as given 
by different observers This is due to the fact that different stages 
of the disease were mvestigated, and also as stated, to the actual pro- 
tean aspect of bronchiogemc cancer 
Unlike cancers of other \'iscera which often lead to a premature 
“mechanical” death (stricture of the esophagus, obstruction of the 
bowel, or of the stomach), a bronchiogemc malignant disease goes on 
unnoticed possiblj’’ for 5''ears causing only mild bronchopulmonary 
sjmiptoms imitating inflammatory diseases of the lung During its 
protracted course it may then take different aspects depending upon 
such factors as metastasis to the same lung, secondary infection with 
suppuration of the lung, erosion of blood vessels m and around the 
tumor causing hemorrhage and disintegration of the new growth, 
pulmonary atelectasis or pneumothorax, pleiirihs cat anomatosa and 
pleurisy 

In brief then the gross classification of the tumor as given by pathol- 
ogists IS as unsatisfactory as the microscopic discrimination Here, 
too, further studies of the natural history of the blastoma will probably 
furnish a comprehensive classification which vnll be of a practical 
importance and of a theoretical interest 

V aiETASTASES 

The problem of metastases provoked a deep interest of the older 
pathologist An attempt to investigate the question experimentally 
was first made b}’’ Cohnheim who followed the fate of intravenously 
injected particles of embryonic penost He observed that m the lungs 
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the injected material was at first transformed into bone but was 
ultimately destroyed From this observation Cohnhcim drew the 
conclusion that the formation of a secondary growth results not merely 
from the lodgment of cells somewhere m the body but depends also 
upon the host himself, that is upon the absorbing properties of the 
organism 

Lubarsch (1895 and 1906) expressed the belief that two factors are 
required for tlie formation of metastasis the loss of tlie “absorbing” 
pow er by the organism, the toxicity of the malignant cells According 
to dlls author malignant cells reach the regional lymph nodes and the 
blood stream in "waves,” the first of which arc destroyed, thus liberat- 
ing a “toxin” which neutralizes the natural force of the organism to 
resist and to destroy malignant cells Borst distinguished a “pre- 
metastatic period” when malignant cells invade the circulation and 
settle m tissues without causing a secondary growth, and a “metas- 
tastic penod” when there occurs a proliferation of secondary tumors 
Finally Ehrlich interpreted the phenomenon of metastasis on an 
immunobiologic basis, namely , on the “athreptic dieory” devised by 
him 

Ehrlich observed that a cancer transplinted from a mouse to a rat 
continues to grow in the new host (or about seven days after which time it 
begins to regress until it finally heals, but the same tumor retransplanted 
in the early st iges of its regression to a healthy mouse regains its former 
proliferative activity (The experiments are known as “Gross Experi- 
ments” or “Zick-Zack Versuchc”) The failure of the tumor to thrive m 
the new host was explained by Ehrlich as being due to the lack m the organ- 
ism of proper (specific) foodstuffs Ehrlich also explained in the light of 
the athreptic theory the fact observed by him, that slowlv growang tumors 
and tumors of smaller size give more abundant metastases than rapidly 
growing and large tumors 

Kitain from the service of Lubarsch produced evidence to show 
that in human cancer widespread metastases were much more com- 
monly seen m the slowly advancing tumors 

However Pearce and Brown m a study of the occurrence and dis- 
tribution of metastases of a malignant tumor in a group of 191 rabbits 
noted that “no constant relationship existed between the rate of 
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growth or the size attained by the primary tumor and the occurrence 
of metastases in distant organs ” They have observed that pulmon- 
ar}’’ metastases occurred earty and ahead of the general involvement 
of other organs The secondary tumors in the lungs underwent, how- 
ever, spontaneous resolution -mthout leaving any gross evidence of 
their previous existence The hepatic metastases were much larger 
and more numerous than the pulmonary because the opportunities 
for growth in the hver are, according to these authors better than m 
the lungs The fact that the liver was less often involved b}”- secon- 
dary’' tumors than the lungs is merely due to the fact that it is less ac- 
cessible to tumor cells 

It IS interesting that the frequency of metastases diminishes with 
the distance from the central axis of the body This phenomenon, too, 
is not entirely due to the nature of the tissues composmg these parts, 
since metastases are comparatively frequent m tissues of the same 
order but nearer the body axis Like Cohnheim and Ehrlich, Pearce 
and Brov n lay stress upon the host as the factor in determining 

the course of the disease ” 

Primary carcmoma of the lungs possesses a \ugorous metastatic 
power, and its metastases are, as a rule, widespread Thus Adler 
found that of 374 cases of this disease, 280 showed secondary tumors 
In order of frequency, the regional lymph nodes, liver, pleura and 
lungs were found to occupy tire first place, while the brain and bones 
were said to be much less frequently mvolved Kikuth in a series of 
240 cases found the foUovnng distribution of metastases hver, 70, 
bones, 48, lungs, 43, brain, 31, kidney, 25, suprarenals, 21, Pancreas, 
11, thyroid, 5, cardiac muscle, 4, intestines, 3, stomach, 2, spleen, 2, 
gallbladder, 1, and ovary’, 1 Reports by more recent writers are to 
the effect that a non metastasizing bronchiogemc cancer is a rare 
finding 

In the series of 47 cases studied by the author all but 3 tumors 
showed multiple metastases One of the nonmetastasizing cancers 
was a basal cell epithelioma closely' resembling the same vanety’’ of 
tumor found in the skin Those tumors that have metastasized in- 
vaded primarily the tributary’ ly’mph nodes, then the lungs, the pleura, 
the hver, the bram and the suprarenals The bones, too, were ap- 
parently’ frequently' mvolved, judging from the clinical and roent- 
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genological appearances Histologic examination of tlie skeleton ivas, 
hoviCver, rarely pcrforniedj and in one instance, at tlie postmortem 
examination, the long bones were infiltrated xvith cancer cells with- 
out any previous clinical manifestations and xsithout an\ ouUxard 
clianges It is possible then that a sy stematic investigation of bones for 
secondary tumors would funiish much higher figures than recorded 
The frequent occurrence of mctastascs m bronchiogemc cancer was 
attributed to the supposed high malignant character of the tumor, 
and also to the fact that the lungs arc abundantlv supplied with blood 
and lymipli vessels, Uiat is, with a rich net of channels facilitating the 
transport of tumor cells It is probable howev^er, that in man as in 
the lower animals, the occurrence and distribution of the secondary' 
tumors “represents an expression of the interaction between tumor and 
host ” The observation made by Pearce and Brown that in their ex- 
periments the frequency of mctastascs diminished with the distance 
from the central axis of the body holds apparentU true also for bronchi- 
ogenic cancers In only very rare instances were mctastascs found 
in the abdominal xascera below the region of the kidneys, while the 
liver and the brain were probably the commonest seats for secondary 
tumors in this disease 

The incidence of metastases to bones from primary carcinoma of 
the lung cannot be ascertained because of the fact that the skeleton, 
as referred to, was rarely inx'estigated Likewise the occurrence of 
intracranial secondary tumors cannot be stated with accuracy for the 
available statistics often fail to state whether the brains of all the 
included cases were examined Thus Dosquet mx’cstigated the ne- 
cropsy matenal from the institutes of pathology at Kiel and Berlin, 
respectixely, and found metastases to the central nervous system in 
33 of 105 cases of bronchiogemc carcinomas Seyfarth found iinolve- 
ment of the brain in 30 of 309 necropsies on patients with pulmonary' 
cancer and Sunpsonobserx’ed intracranial metastases in 19 of 139 post- 
mortem examinations on patients with this condition Neither of 
these authors stated xihether the brain was examined in all of the 
necropsies of their senes 

Forty-sex en cases of bronchiogemc cancer have been observed 
by the present writer and in sixteen of these metastases to the central 
nervous system were venfied either at operation or at necropsy or 
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by both procedures (In one patient the diagnosis was based on the 
chnical findings only ) In the remainder there was either no ana- 
tomical evidence of the presence of metastases to the brain or the 
central nervous system was not examined Thirteen of the sixteen 
cases were unusual in that they were diagnosed as “tumor of the brain 
suspect ” 

The manner m which carcinoma of the lungs reaches the bones and 
the central nervous system is of interest because of its frequent oc- 
currence, and because cancer as commonly accepted spreads by way 
of l}Tnphatics, which are lacking in these organs 

That the bone marrow possesses no lymphatics was for the first time 
noted by V Reckhnghausen Piney, m a recent mvestigation mjected the 
periosteal lymphatics and observ^ed that the injected material passed from 
these structures through the bone and into the endosteal channels, he 
could not, however, force the mass from these channels into the bone 
marrow 

It was shown that within the red bone marrow the blood vessels break up 
into many wide and tortuous thin walled channels thus causing a marked 
slowing of the blood stream Tumor cells then which have gamed entrance 
to the blood stream “settle” in the sluggish circulation which is m the center 
of the bones wnthin the marrow cavities, whence they reach the periphery 

The central nervous system was believed once to be provided with a 
double set of lymph vessels, (1) the lymph spaces of Virchow-Robm which 
were claimed to he betw^een the vascular adventitia and the inlima piae, 
(2) the lymphatic spaces of His, wfiich w^ere believed to be between the 
Ultima piae and the hiinlaus ghae 

Subsequent investigations have shown conMncingly”^ that the lymphatics 
noted by His are artifacts due to mjections of the heavy metal Moreover, 
the lymph spaces of Virchow-Robin are very likely artificial formations and 
owe their existence, analogous to those of His, to injections of material from 
outside or probabty due to pathologic factors 

More recently Held affirmed that spaces m the central nervous system 
“acting as lymphatics” are present not outside but withm the vessel wall, 
that IS, between the media and the adventitia of the blood vessels, while 
Spielmeyer was of the opmon that the entire vascular coat is made up of 
“lymphatic spaces ” The adventitia of the cerebral vessels when treated 
wnth silver tannm discloses, according to this author, a fine reticular struc- 
ture composed of intercommunicating compartments which are particularly 



1 10 31 GrcItly Dilated Vasa Vasorum in \ Case oi a Glioma or xuc Brain 

also the visa vasorum In some pathologic processes the latter increase m 
number and dilate, forming spaces of various si/e which are erroneously 
interpreted as Ijanph channels (fig 31) 

The “body fluid” of the central nervous system is the cerebrospinal 
fluid, extracted from the blood and filtered or possibly secreted by the 
choroid plexus (called by some investigators "choroid plexus gland”) 
From the latter through the foramen of Munro, third ventricle aqueduct of 
Sylvius and fourth ventricle and thence via the foramina it reaches the 
subarachnoid spaces It is believed that the cerebrospinal fluid is absorbed 
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by way of the arachnoid vilh into the great sagittal sinus, and by way of 
the perineural spaces, the latter being defined as an accessory drainage 
The perineural spaces convey the fluid to the tissue spaces and through the 
agency of the latter intervening it is taken up by the cervical lymphatics 
(Weed) 



Fig 32 Propagation of Cancer Via the Perivascular Lymphatics AVhich are 
Distended and Filled ivith Tumor 

The vessel shows an endoartentis obliterans The glandular structures seen outside 
the vessel are pulmonary alveoli that have been invaded by columnar and culoidal cells 
from the bronchioles This is discussed m section III entitled Histogenesis 

In a study of a metastatic cerebral carcinoma from the breast 
Hassm believed that the tumor reached the meninges via the perineural 
spaces m the foUomng manner from the periphery the new growth 
reached the lymphatics of the neck whence, via the tissue spaces to 
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Fig 33 S^o\\^^G Tumor Cells iv the Circulation in a Section from the Heart 
A case of a bronchiogcnic carcmoma 

tumor from one lung to the other uas effected b\ uay of the bronchi, 
namely, by implantation (“metastasc aenenne”) Goldmann affirmed 
that mammary cancer is often propagated by May of the lactiferous 
ducts The transmission of a carcinoma ota the lymphatics (Fig 32), 
held by the older pathologists as being the essential pathway for the 
spread of an epithelial malignant disease, was stressed in recent years 
by Handley, who produced evidence to show that it is effected in two 
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the essential one Goldmann has shown that m experimental cancer 
the blood vessels undergo early pathologic changes This is partic- 
ularly marked m the veins, which show degenerative changes at the 
beginning of the disease, while the arteries resist damage for a longer 
time, and, as m inflammatory conditions of bacterial or toxic origin, 
they play probably for some time the role of “insulators ” 



Fig 36 Shoiwng Invasion of the Vascular Coat and the Vasa Vasorum by Bron- 

CHIOGENIC -tDENOCARCINOilA 

Tumor cells are likewise found along the mtima of the vessel There is an early stage 
of an obliterating endoarteritis 


Neoplastic cells aggressibly invade the vascular coat, being dissemi- 
nated throughout the vessel wall by way of the vasa vasorum (figs 
35 and 36) , this is suggested by the fact that in the arteries, where 
nutrient vessels are particularly prominent m the outer coats, the 
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Fig 37 A Cerebral Blood Vessel in tiic Vicinity of a Metastatic Nodule from 
A BRONCmOCENIC CARaNOMN 

The vascular coat is dissociated, and the vasa \asorum arc distended with tumor 
which also surrounds tlic vessel 

which grow inside the vessels and also by crossing the vessel w'all in 
the surrounding tissues (figs 37 and 38) 

The rather frequent occurrence of cerebral metastases in primary 
carcinoma of the lungs, an occurrence which is much rarer m extra- 
pulmonary cancers in addition to the above mentioned factors, is 
favored by the absence of any barrier between the lungs and the brain 
A cell embolus from a pulmonary cancer, as is clearly understood, 
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may pass from the pulmonary vein and heart directly into the general 
and then through the cerebral circulation A similar embolus from 
elsewhere in the body on its way to the central nervous system passes 
primarily through the “sieve” of the lungs, the latter serving to resist 
the advance of the growth 

As stated visceral cancers reach the lungs with great frequency 
The tumor emboli are, however, retained in the pulmonary capillaries 
where they are “immured ” Moreover, frequently they lead to local 



Fig 38 Shoii ing Neoplastic Cells from a BRO^CHIOG^NIC Carcinoma in the Vasa 
Vasorum or a Cerebral Blood Vessel 


infarct formation followed by organization and destruction of the 
metastatic neoplastic cells 

It IS interesting that an abscess of the lung is more often complicated 
by a “metastatic” cerebral abscess than abscesses from elsewhere 
It is very likely then that this particular phenomenon proper to both 
conditions, that is, the frequent occurrence of metastases to the brain 
from a pulmonary abscess and a pulmonary carcinoma, is not a mere 
coincidence, but is due apparently to the same underlying factor — a 
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hematogenous transmission to the brain of a “pus embolus” analogous 
to the transmission of i carcinomatous “cell embolus ” 

The local reaction of the tissue to a metastasis is of interest That 
the host offers resistance to the implantation of a cancer and also to 
metastases has been noted The resistance \\ as believed b v one group 
of obseraers to he in the “bnd\ fluids” (Humoral fheorj) and by an- 



Tic 39 MuLTirLF Mltvstases to xiic Cfrebrvl HEUisrircRES iROit a Cai,cer of 

THE BRO\aHJS 

T = tumor The invasion of the left thalamus b> cancer must be noticed 


other m the “body cells” (Cellular theory) Murphy and his assist- 
ants, who contributed largely to this subject, affirmed that the “small 
lymphocyte” plays the defensive role against the propagation of cancer 
in the body, while other observers attributed this to the macrophage 
In the material studied the reaction of the visceral organs toward the 
bronchiogenic cancer did not differ from that of other cancers being 
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may pass from the pulmonary vein and heart directly into the general 
and then through the cerebral circulation A similar embolus from 
elsewhere in the body on its way to the central nervous system passes 
primarily through the “sieve” of the lungs, the latter serving to resist 
the advance of the growth 

As stated visceral cancers reach the lungs with great frequency 
The tumor emboli are, however, retained in the pulmonary capillaries 
where they are “immured ” Moreover, frequently they lead to local 
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infarct formation followed by organization and destruction of the 
metastatic neoplastic cells 

It IS interesting that an abscess of the lung is more often complicated 
by a “metastatic” cerebral abscess than abscesses from elsewhere 
It IS very likely then that this particular phenomenon proper to both 
conditions, that is, the frequent occurrence of metastases to the brain 
from a pulmonary abscess and a pulmonary carcinoma, is not a mere 
coincidence, but is due apparently to the same underlying factor — a 
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essentially of the lymphocytic variety In the brain where the early 
response of the cerebral substance toward metastases was investigated 
the reaction was the most interesting and merits description m some 
detail 

The metastases (figs 39 and 40) were located m eleven instances in the 
motor area and in two in the occipital region In two other patients gross 
involvement of the leptomenmges of the cerebrum and spinal cord was seen 

The secondary cerebral tumors were either firm, solid, enucleable masses 
up to 5 cm m diameter or large enucleable cystic masses or necrotic, broken 
down lesions In two cases there were single apparently enucleable nodules 



Fig 40 ;Metastases to the Cerebellum from a Bronchiogenic Cancer 

5 cm m diameter In three cases there were from si\ to twelve nodules of 
varying sizes located on the same side of the brain m each instance In 
a number of cases the brains appeared literally riddled with about one 
hundred separate masses, each of the same gross appearance The brain 
was markedly edematous m every case studied 

All elements of the cerebral substance responded to the neoplastic inva- 
sion The macrophages and the microglia (which are nothing else than 
macrophages), and also the transitional forms of these cells formed dense 
masses m the vicinity of the tumor (figs 41, 42, 43 and 44) The tumor 
mass Itself showed, how'ever, no penetration by the phagocytic cells, nor 
were individual tumor cells phagocytosed by these cells or by their deriva- 
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lives Large phagocytic cells were likewise seen attached to and lying free 
about the adventitia of small blood vessels at the boundary of the tumor 
and the necrotic cerebral tissue 

There vas a marked glial proliferation and also there was a “stream” 
of astrocytes all seeming to “go” in parallel rows toward the mjury (fig 44) 
The ohgodendrogha showed swelling but no phagocytosis (fig 45) j 



Fig 43 Macrophages (Foam Celes), Lymphocytes and Glia Cells Suerounded by 
A Collar of Neoplastic Cells, X 600 

The nerve fibres showed complete destruction m the vicinity of the 
metastatic nodules In areas remote from the lesion, demyehmzation, 
swelling and fenestration of these structures was conspicuous There also 
was serious damage of a to\ic nature of the ganglion cells, and of the astro- 
cytes as evidenced by clasmatodendrosis (fig 47) 

The reaction described is of interest in connection with the experi- 
mental moculation of cancer Murphy and Sturm found that trans- 
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plantable mouse tumors grew actively rshcn inoculated into tlio brains 
of rats, guinea pigs, and pigeons, aihercas subcutaneous or intramus- 
cular grafts in the same animals failed llicy also noted that grafts 
of spontaneous tumors failed to grow in the brain even vhen the 
tumor implanted and the animal host Mere of the same species hlore 



Tig 44 Tiif Reaction or Microglia to iiii Metastvses ritoii \ BRONCinoCENic 
C VRCINOMA 

In the right upper segment of the picture, the microglia show swollen processes In 
the center, the processes are shortened and thickened while in the left lower segment, 
the cells arc seen as compound gnnular corpuscles Pcnfield's combination method for 
oligodendroglia and microgln, X 850 

recently LcMin stated that the brain represents an “indifferent non- 
specific nutrient medium” for heterologous tumors It will be seen 
that in the human material the reaction displaj cd by the brain toward 
cancerous metastases was rather outstanding involving all elements 
of the brain In general it resembled that described by Hortega and 
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Fig 45 The REAcnoN or Fibrillary Astrocites in the Vicinity of a Cerebral 
Metastasis from a Primary Cancer of the Lung 
There is a proliferation and an increase in size of these cells Their arrangement in 
parallel rows gives the impression that they are “streaming” toward the lesion Gold 
chlonde sublimate stain (Globus modification) , X 320 


The frequency of metastases in bronchiogenic cancer m man dim- 
ishes with the distance from the central axis of the body 

Metastases from a primary carcinoma of the lungs to distant organs 
and particularly to the skeleton and to the central nervous system 
are as a rule hematogenous m character 
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The tirhcst osseous metaslases occur m the center of the bones 
Mitlnn the marrow cavities wherefrom they reach the peripherj 
'i he frequent occurrence of cerebral metastasis from primary pul 
monari cancer is favored b> the absence of a barrier between the 
lungs and the brain Metastascs from elsewhere in the body on their 
wav to the central nereous system pass primanlj through the “sieve” 



Tig 46 Swrceisc or Oucodesoroctiv in the Rrmn with aiiTisTiSES prom a 
BRoscinocesac C\RciNOie\, St\in Samp as Dlscrirfd Under Iigure 4S 


of the lungs in which they are usiiall}' “immured” and not infrequently 
pensh 

There is a marked reaction (progressive and regressive in nature) 
on the part of the macrophages (and microglia) and astrocytes to the 
metastatic lesion, the response being very much like that found in 
experimental studies on the reaction of the brain to w'ounds and to 
infectious invaders 
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VI DURATION 

The problem of the duration of a cancer is of interest not only from 
the clinical point of view but from the biologic From the biologic 
standpoint it is important to ascertain whether an epithelial malig- 
nant disease is a malady of old age par excellence 

Observations on the mortality from cancer show that it occurs as 
a rule m people past middle age, namely at or above the age of fifty 



Fig 47 Clasmatodendrosis in the Vicintta of v Metastasis to the Brain from a 
Primary Carcinoma of the Lung, Stain Same as Described Under Figure 45 


If one is to accept the vieiv that the disease is rapidly fatal, causing 
death within a period of one or two years, one must also accept the 
notion that the condition is virtually connected with advanced age 
However, the clinical course of a malignant epithelial tumor does 
not coincide with the virtual existence of the disease the interval 
between the inauguration of the neoplasm and the appearance of 
symptoms passes usually unnoticed and as a result the duration of 
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the process cannot be determined Ihus Ewing (1929) slated that 
“many cancers appear in old age, not because they are the result of 
an> element of senescence, but merely because the lapse of time 
allows the fruition of processes which have their inception at a much 
earlier period ” Likewise Blumcnthal by investigating in the Cancer 
Institute m Berlin a senes of accessible or easily diagnosticated cu- 
taneous cancers, obsened that the period between the inception of a 
skin lesion and the appearance of a climcallj recognizable cancer os- 
allated between one and ten years Ihe author, too, is opposed to 
the view that cancer is a “monopolj ” of the aged 

In this connection it is of interest to note that the “latent” period m 
experimental cancer of the mouse is from 6 to 8 months which is ncarlj one 
third of tins rodent’s span of life Bang and others called attention to the 
fact that in chimnev sweepers and m the aniline and paraffine workers 
cancer usually develops in from 20 to 30 j ears after they hav e changed their 
occupation, that is after the irritant has been applied This would indicate 
that in man, too, one third of his life is required for a cancer fully to develop 

Clinical reports are to the effect that pulmonary cancer runs a rapid 
course causing death of the patient in a period xarjang from three 
months to about two jears Thus in a stud> of twenty-six patients 
with pulmonary neoplasms Hunt stated that “it is difficult to believe 
tint the average total duration (of the disease) can be more than two 
y ears ” 

It IS, how ever, most likely that bronchiogenic cancer (probably most 
cancers) is a chronic condition running. as a rule a course oxer a period 
of se\ eral years The fact that the clinician estimates the duration of 
the process as being about two years merch indicates that the disease 
as such IS recognized in the clinic late, possibly at its terminal penod 

From the three examples to be cited it will be seen that even in 
those patients who have been operated upon for the removal of a cere- 
bral metastasis from the lung the survual was longer than clinical 
reports would lead one to expect In one instance the patient lived 
seven years after the onset of the first symptoms during which period 
he underwent two intracranial and one abdominal operations Two 
other patients each survived about three years after the remox'al of 
the intracranial metastasis Ihe patients’ histones are as follows 
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Case 1 {P B B H No 63455) Onset sudden in 1922 with i iglit hemi- 
plegia and aphasia Ci anidl explo) ation with i emovdl of malignant epithelial 
tunioi fiont left motor aiea primary sotitce not detet mined Recurrence of 
sym ptoms six months later followed by second cerebi al exploration resulting in 
complete recoveiy Discloswe of btonchiogemc cancel in 1928 legarded as 
the source of the cerebral tumor removed in 1922 

History H S , a Jewish merchant, aged seventy years, entered the hospi- 
tal for the fourth time complaming of pain in epigastrium, in right arm and 
also m the mtercostal region Three months before he had begun to have 
a constant dull pain in the midepigastrium and sometimes about the um- 
bilicus, radiating over the lower two ribs anteriorly, continuing to their 
vertebral attachments There was present also a marked hyperesthesia over 
the lower right intercostal spaces At the same time he had an excessive 
cough productive of considerable dark sputum, usually streaked with dark 
blood but there was no frank hemoptysis He also developed dyspnea on 
slight exertion and even at rest For the past two months he had suffered 
a constant dull pam in the right arm beginnmg at the elbow joint and radiat- 
mg to the finger tips Later it had appeared at the back of the neck and 
radiated down the arm He had lost eighteen pounds (about seven kg ) in 
weight m the past six months 

Previous admission to the hospital The patient had first entered the hospi- 
tal in December, 1922, with the complaint of incoordination of speech and 
paralysis of right arm and leg of six months duration, with nocturnal head- 
aches and paresthesia over scalp Examination showed a choked disc, 
hemiparesis, hemi-hyperesthesia, hyperactive reflexes on the right side, 
right facial weakness, aphasia, apraxia, and inabihty to carry out compli- 
cated commands The systolic blood pressure was 170 and the diastohc 86 
A diagnosis of a tumor of the brain was made 

Following an intracranial intervention a nodular tumor was removed from 
the posterior end of the sylvian fissure which was diagnosed as a metastatic 
carcinoma The patient made an uneventful recovery and was discharged 
practically free from any cerebral symptoms 

About SIX montlis after discharge from the hospital (June, 1923) the 
patient had a recurrence of previous symptoms Examination showed 
motor aphasia, a shght facial weakness, a right hemiparesthesia, an exag- 
geration of tendon reflexes on the right, also a secondary optic atrophy 
The impression was that there was probably another tumor nodule involving 
the inferior half of the fissure of Roland on the left side The old bone 
flap was then re-elevated and a tumor nodule weighing 42 grams was 
removed The patient was discharged twenty-one days after the operation 
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Ulth only A slight ncnkness of the snnll muscles of the right hand and some 
stuttering 

HehT-sbeeii ret\T.minecl in December, 1925, and no disease as found 
He had remained n ell until about September, 1928, w hen he was readmitted 
to the hospital for the repair of an incarcerated femoral hernia While in the 
hospital a studj was made to find out the source of the metastatic cerebral 
lesion removed si\ > ears ago 

E\annmUon The patient was well developed, poorly nourished and 
d>spncic, Ijing restlessly in bed and coughing a great deal His face 
showed general cvanosis with flushing over the molar prominences The 
pupils were irregular but there were no synechiae The voice was slightly 
hoarse The thorav was of the emphysematous type with an increased 
antero posterior diameter The respiration was asthmatic 
The lungs showed dulness over the upper half of the chest posteriorly 
extending to the aviUa and the angle of the left scapula as w ell as both bases 
posteriori V Breath sounds and tactile fremitus were diminished in these 
areas The whispered voice was slightly increased in the left upper chest 
anteriorly The respiration here was bronchov esicular Riles were also 
heard over this area The rest of the lung showed hyperresonance The 
heart was negative The blood pressure was systolic 110 and diastolic SO 
The U\ er w as enlarged and tender The prostate show ed enlargement but 
no irregularities or nodules The spine showed a marked kyphosis 
The laboratory findings were of no importance 
Roentgen-ray evamination of the gastro intestinal and the genito- 
urinary' tracts showed no disease Stereoscopic roentgen-ray examination 
of the lungs show cd a shadow m the left upper lobe corresponding to tlie 
pathologic changes found the clinic 

Following discharge the patient lost weight rapidly His cough became 
very distressing and his sputum was blood tinged He complained of 
severe pams in the intercostal region and in the right arm He was then 
readmitted to the medical serv ice where clinical and roentgenologic studies 
showed a diffuse involvement of the left lung by a solid tumor 

He was transferred to the Palmer Memorial Hospital with diagnosis of 
bronchiogenic cancer, metastatic to brain and bones, chronic myocarditis, 
and benign hypertrophy of prostate A few days after discharge he died 

The patient presented a most interesting problem He had had tw o 
metastatic nodules removed from the left motor area more than seven 
years earlier A primary tumor was never found to explain this 
Tumors that metastasize more commonly to the brain are chordomas 



466 


B M FRIED 


either of the clivus or the sacro-coccygeal region, tumors of the pros- 
tate, occasionally tumors of the stomach, pigmented malignant tumors, 
some bone tumors and above all bronchiogenic cancer The prostate 
could be ruled out it seemed to be of the same size and consistency 
as at previous examinations A roentgenologic examination of the 
gastro-mtestinal tract was negative There were no areas of pigmenta- 
tion over the body and the sacro-coccygeal region showed no changes 
whatsoever It appeared then beyond reasonable doubt that the two 
malignant epithelial nodules removed m 1922 had reached the brain 
from the lungs, where a tumor was localized by the roentgen-rays and 
by clinical methods 

Previous to the clinical evidence m 1928 of a carcinoma of the lung 
various diagnoses were made from the slides, notably a metastatic 
chordoma or a hypernephroma Having the opportunity of studying 
a large number of sections of metastatic cerebral lesions, especially 
from pulmonary tumors, the author is convinced that the cerebral 
neoplasm in this patient took its origin in the lungs 

Here, then, is an example of the survival of a person for nearly seven 
years after the removal of a cerebral lesion which had metastasized 
from the lungs It is interesting that at the time when the patient 
was operated upon in 1922, the idea that the lungs might have been 
the source of the lesion did not occur to the personnel of the hospital 
For the last few years at the Peter Bent Brigham Hospital it has been 
a custom to examine the thorax with the roentgen-rays m every in- 
stance of a cerebral tumor with an atypical history This case is of 
further mterest in connection with the advisabihty of an intracranial 
exploration in instances when the lesion in the brain is a pnon known 
to be a metastasis 

Case 2 {P B B H No 55905) A pahent with attacks of Jacksonian 
epilepsy of the left hand Osteoplastic operation with removal of a metastatic 
nodule from the light parietal lobe Subsequent disclosuie of a caicinoma of 
the lung Death two years latei 

Hist 01 y A Canadian physician aged sixty-four whose past and family 
history was irrevelant entered the hospital March 18, 1927, complaining of 
epileptic attacks associated with numbness of the left hand, of three and 
one-half months duration The result of the examination can be summar- 
ized as follows 
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A Subjccinc (1) T persisting numbness of three and one half months 
duration of the left hand ivith loss of power of appreciating objects, (2) four 
attacks of Jacksonian epilepsy of the motor Upe in the left hand and m the 
left side of the face (3) mental change evidenced by slight failure of 
memorj and power of concentration, (4) slight occasional incontinence of 
sphincters in the past sit weeks 

B Ohjedne (a)ancarlv choking of discs, (2) slight left sided weakness, 
a left lower facial weakness and defect of svncrgistic moicmcnts of the left 




lie 48 Cash 2, A Roentoenograsi Tvken About T\\o Ylvrs Before the B\tient 

Died 

hand (3) a left sided Babinski, absence of left upper abdominal reflexes, 
(4) astereognosis of left hand, slow reaction time and slight loss of concen- 
tration pow er and memorj 

The impression was that there was probablj a tumor situated in the 
region of the right Rolandic fissure The inconspicuousness of the pressure 
signs and the abruptness of onset made it possible that the new grow th was 
metastatic, although no clinical evidence of anj primary focus was detected 
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March 30, 1927 The patient was operated upon by Dr Cushing and a 
tumor nodule 3 cm m diameter lying in the upper portion of the post- 
central convolution was removed It was thought that this small lesion 
could not account for all of his symptoms, and that there were certainly 
metastases in other parts of the hemisphere The histology of the tumor was 
that of cancer, probably metastatic from the lungs 



Fig 49 Case 2, jMetastases to the Brain erom a Bronchiogenic Carcinoma 
The insert shows a section through the old operative site to show the recurrence of a 
metastasis two and one half years after the operation The central part of each nodule 
is necrotic The bram was distorted in transportation 

Roentgen-) ay examination A stereoscopic examination of the chest 
showed at the left base a triangular area of increased density toward the 
axilla, and some fibrosis and calcification medially This suggested to the 
roentgenologist as possibly being an old inflammatory process, an interlobar 
pleurisy, or a bronchiogenic cancer (fig 48) 

The patient was discharged improved ' 

A pril 8, 1927 At home he continued to improve and regain much of his 
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former icti\ lU for eighteen months, but m September begin to fill agun 
In the next six months there u as i gradual failure (« ithout anv conspicuous 
pulmonary symptoms) until death occurred in April, 1929, a little more than 
two >ears from the date of his cranial operation 

Necro psy This ii as limited to the head A series of thin coronal sections 
of the brain revealed three large tjpical metastatic nodules Tiio iiere 
symmetrically located in the posterior part of the frontal lobes just below 
the corpus callosum They each measured about 3 cm in diameter \t 
the site of the previous operation there was a large metastasis 5 cm in 
diameter The nodules were well demarcated, their centers were opaque 
and necrotic, white, the borders consisted of a pinkish-rcd translucent 
tumor tissue (fig 49) 

The time interx’al between the inauguration of the bronchial tumor 
and the occurrence of the cerebral metastasis is naturally unknox' n 
One is unaware likewise as to the time which has elapsed between 
the lodgment of the cancer in the brain and the appearance of cerebral 
symptoms It is certain, however, that when the patient entered the 
hospital the primary new growth of the lung and the secondary tumors 
in the brain were of considerable sire Yet the patient lived more 
than two years alter the intracranial exploration had taken place 
In the case to follow the patient, a younger person, x\as operated 
upon twace for the remox’al of a metastatic cerebral lesion with a still 
longer surxival 

Case 3 {F B B II Surg No 306S4) Gradual onset unth headaches^ 
loss of strength and loss of etston Right faeial weakness Osteoplastic 
exploration anth removal of large cystic tumor Histologic diagnosis Metas- 
tatic epithelial tumor Roentgen rax disclosure of a bronchiogcmc carcinoma 
Recurrence of symptoms followed bv a secondary operation twenty months later 
with removal of a large cyst Recovery Sudden death from pulmonary embo- 
lus two weeks arter the operation 

Bistorx On April 6, 1925, Mrs G , a Jewish housewife, aged forty-SLX 
years, was admitted to the medical service with a complaint of severe 
headaches The onset of the present illness had been sudden, five months 
before admission Soon there was a gradual loss of vision and strength 
Examination There was evidence of slight loss of weight A right 
facial weakness and bilateral choking of the optic discs were the only other 
positive findings 
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March 30, 1927 The patient was operated upon by Dr Cushing and a 
tumor nodule 3 cm m diameter l}rmg m the upper portion of the post- 
central convolution was removed It was thought that this small lesion 
could not account for all of his symptoms, and that there were certainly 
metastases m other parts of the hemisphere The histology of the tumor was 
that of cancer, probably metastatic from the lungs 



Fig 49 Case 2 , Metastases to the Brain prom a Bronchiogenic Carcinoma 
The insert shows a section through the old operative site to show the recurrence of a 
metastasis two and one half years after the operation The central part of each nodule 
is necrotic The brain was distorted in transportation 

Roentgen-ray examination A stereoscopic examination of the chest 
showed at the left base a triangular area of increased density toward the 
axilla, and some fibrosis and calcification medially This suggested to the 
roentgenologist as possibly being an old inflammatory process, an mterlobar 
pleurisy, or a bronchiogenic cancer (fig 48) 

The patient was discharged improved ' 

April 8, 1927 At home he continued to improve and regain much of his 
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former icHmU for eighlccn months, but m September Iregin to fail again 
In the next six months there xxas a gradual failure (a ilhout an\ wnspicuous 
pulmonary s> mjiloms) until death occurred in ‘\prd, 1929, a little more i 
two years from the date of his cranial operation 

A ccropsy This was limited to thehead A scries of thin coronal sections 
of the brain revealed three large typical metastatic nodule;, Two were 
cjanmetricalh located in the posterior part of the frontal lobes just below 
the corpus callosum The} each measured about 1 cm in diameter it 
the site of the prexious operation there was a large metastasis S cm in 
diameter The nodules were well demarcatetl, their centers were oixaquc 
and necrotic, white, the borders consisted of a pinkish retl translucent 
tumor tissue (fig 49) 


The time interval between the inauguration of the bronchial tumor 
and the occurrence of the cerebral metastasis is naturaUv unlnown 
One IS unaware likewise as to the time whidi has elapsed bcti ten 
the lodgment of the cancer m the brain and the appearance of Cerebral 
symptoms It is certain, however, lint when the patient entered the 
hospital the pnmarj' new growth of the lung and the secondan tumnrs 
in the brain were ot considerable size \ct the paticnl liicil mo'c 
than two years after the mtracranial exploration liad taken place 
In the case to follow the jiaticnt, a younger per-on was operated 
upon twice for the removal of a metastatic cerebral k^ion uath a stfi! 
longer surx'ival 


Case 3 {P B E II Siirg Ao 306S4) Grailval pksP hJrrPrj 
loss oj strcntlh and toss of vision Kigll faaat uealrrsr Os‘'}>>' ‘ ' 
explorahon a>ilh removal oJ targe cuUc Uw.or IJ„la’og,e dian Kr jr 
Mic cptlltehal tumor Rmdgen ra\ disclosure af a hrorri mgene car, ^ p- 
Recurrence o symptoms folloiced by a secondary opera' on fJ, 1 . . / Jr 

unlh removal of a larger, St Recovery Sudde, dcsit, from p .'p.., ,, /X 
lus Im VLceks arter the operation ‘ ir^ro-'o 

History CSn April 6. 1925, Mrs G, a }e-ish hr, . ,, 
years, was admitted to the medicaf “C'd hn, » i 

headaches 1 he onset of the present illnes- h Jt f ^ 
before admission Soon there ^ ^ 

facial weakness and hilaierafcfir,-,^ ' «--- o, legbt i rigft 

positive findings ^ cii C5 / cre otfi^r 
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Course of illness The patient was considered as having a tumor of the 
bram and was transferred to the surgical service A ventriculogram 
demonstrated a block of the left foramen of Monro and a multicystic tumor 
in the left occipital lobe 

On April 25, 1925, Dr Cushing performed a left occipital exploration and 
removed a cystic tumor The fluid in the cyst was mucoid, yellow and 
contamed cholesterin crystals, fat and macrophages The microscopic 
sections showed a carcinoma probably of bronchiogemc origin 



Fig 50 Case 3, A Roentgenogram Taken About Tm o Years Before the Patient’s 

Death 

The chest was then examined by Roentgen-rays and revealed the presence 
of a tumor in the hilum of the right lung (fig 50) 

The patient made an uneventful recovery and was discharged improved 
Intel val histoi y The patient was seen at intervals m the next two years 
One year after the operation there was distinct clinical evidence of a cerebral 
embolus, the effects of which gradually wore off At times there was some 
evidence of a pleurisy on the left side and occasional hoarseness 

February 18, 1928, symptoms of intracranial pressure recurred and she 
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ivas rcidmitted to the hospital Roentgen ra> c\amination of the lungs 
shoned a shadow m the left hilus which was slightly increased in sue as 
compared with the first examination A careful search for a neoplasm 
elsewhere of the body was negative 

Tebruarj 22, a second c-xploratorv operation was performed and a cvstic 
tumor removed from the same location as that of the first tumor (fig 51) 

The patient was making normal recovery when death due to a pulmonary 
embolus occurred on March 6, 1928, about three v ears after the onset of the 
cerebral symptoms 



Fig 51 Case 3, A Cvsnc Meiistatic Tumor trou a Priuarx Caecivoua of the 
Lung Rfmoved at a Second Oper.vtio'I Periorued Two Years After the Tirst 
Operation 

Microscopic examutalion The first specimen removed in 1925 from the 
left occipital lobe consisted of a multilocular cystic mass about 5 cm in 
diameter It contained over 30 cc of dirty, orange colored fluid, the 
examination of winch disclosed macrophages, cell debris and many choles- 
term crystals The wall was thin and local thickenings of gray-white 
tissue represented mural nodules of tumors 
The second specimen, removed in 1928 from the same location as the 
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first cyst described above, consisted of a large oval cyst measuring after 
fixation 9 by 6 cm and con taming more than 75 cc of a material similar to 
that found in the first specimen This large cyst had a thm, transparent 
wall and contamed one large mural mass of gray-white tissue about 3 cm m 
diameter and 2 cm m height 

Sections of the metastasis removed in 1925 and m 1928 were available 
for study The histology of the tumor is briefly as follows There is an 
abundance of mucoid material and crystal spaces such as are made by 
cholesterm crystals The tumor cells in both specimens are low cuboidal 
arranged m thick strands of alveoli There are relatively few mitoses 
The nuclei are less hyperchromatic and the cells appear to be smaller m 
the specimen removed in 1925 than in the last specimen 

The patient m this case lived three years after the first cerebral 
exploration with the removal of a tumor, and more than three and 
one half years after the onset of the cerebral s)Tnptoms As said 
in the introductory paragraphs the natural history of a bronchio- 
genic cancer cannot be estimated It is, however, apparent, that 
as a rule it runs a protracted course of many years 

Vn DEtGNOSIS 

The diagnosis of a carcinoma onginating pnmarily m the lungs is 
based on (1) Clinical findings which are made up of the history, the 
symptomatology and the physical signs, (2) Laboratory findings 
gathered from the examination of the expectorated material and the 
pleural exudate, and also from bronchoscopic and roentgenological 
examinations 


CLINICAL FINDINGS 
The In story 

The history of a patient wuth a bronchiogemc cancer as a rule lacks 
data suggesting an etiological relationship between his past life and 
present lUness This amazingly “silent” anamnesis is of interest m 
connection with the “irritation” theory of cancer. It is believed by 
many that the “irritation” preceding this malignant disease must 
necessarily be of some magnitude, such as bronchiectasis, pulmonary 
syphilis, tuberculosis or other chronic suppurative conditions of the 
broncho-puhnonary tree In reality an appropriate “stimulus” of 
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microscopic dimensions rvlicn applied for a certain length of time will 
lead in a receptive individual to the dev'elopment of a malignant 
condition "Gntia caoat lapidem non ot scd sacpc cadcndo" mav aptly 
be said about the initiation of a cancer Ihe ante cancerous history, 
of a malignant neoplasm of the lung, probably as that of most cancers, 
will then be of no avail in elucidating the present condition of the 
patient Iiloreover, as already emphasized, even in the early stages 
(and It IS not knov n how long they are) the pulmonary lesion is often 
not heralded by any outstanding subjective signs, thus keeping the 
patient m ignorance as to the virtual onset of his illness 

Classtficalton 

The older clinicians (Adler, Osier) discnmmated two varieties of 
pulmonary cancer an acute galloping pleuropulmomc form, said to 
run a rapid course of from si\ to twelve weeks, a chronic pleuropul- 
monary form 

More recent observers (Fried, 1925), being impressed with the 
frequent occurrence of early metastases in this condition and also 
with the fact that in these patients most of the symptoms result from 
the secondary growth, have ventured to classify the disease arbitrarily 
into two main groups 

1 Typical, including patients whose chief complaints pointed to- 
ward the thoracic organs 

2 Atypical with symptoms and signs directed toward a metastasis 

ILLUSTRATIVE “tYPICAL” CASES 

Case 4 Onset of illness with cough and pain in chest, regarded as pulmo- 
nary tuberculosis Death Necropsv disclosure of a bronchiogcnic cancer 

History W S , an American born man, aged fifty-two, was admitted to 
the Boston Sanatorium, July 8, 1922, with the chief complaint of cough 
and pam in the back and the left side of the chest for the last siv months 
The past and family histones were irrelevant 

Present illness Six months before admission the patient had begun to have 
pam in the back and left side of the chest, at first sharp, later dull, the pain 
was intermittent, lasting for about twenty mmutes, and was worse on lying 
down, not being related to meals or micturition At the same time he had 
developed a cough productive of a moderate quantity of thin, white, mucoid 
sputum streaked occasionally w ith blood In March he had a hemorrhage, 
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coughing up one third of a glass of bright red blood Before entering the 
hospital, the patient had gone to several clinics and in April, 1922, was 
admitted to the Massachusetts General Hospital His record while there 
was as follows 




Fig 52 Case 4, Bronchiogenic Cancer, Roentgenogram Taken About Three 
Months Before the Patient Died 

The dense shadow in the right is due to the fibrosed lung infiltrated by tumor and to a 
hydrothorax The gross appearance of the right lung is given in figure 23, p 429 

Ap)jl 3 The history of hemoptysis seemed definite, and suggested tuber- 
culosis strongly He had lost little weight, and had few pulmonary symp- 
toms The right side of the chest showed an increased whispered voice at 
the apex, but no rales were heard The sputum had been blood streaked 
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1 pnl 4 I luoroscopic c.\imimtion revealed that the upper half of the left 
chest showed i marked decrease m radiabihtj, apparentl> with a sharp 
low er border about the interlobar septum The trachea and the heart v. ere 
displaced to tlie left The left diaphragm was fixed The left apex did 
not light up The right side show ed considerable mottling around the root 
beneath the clax icle, otherw ise, it u as clear The right diaphragm mox ed 
normally The posterior mediastinum xxas obscured These changes 
probably represented an extcnsixc destructive ind fibrosing process in the 
right upper lobe with retraction of the mediastinal contents to tlie affected 
side On the left, the fine mottling suggested small broncbopneumonic 
are.is (fig 52) 

A pnl 5 Clinically, the signs suggested fibrosis of the right apex with 
shrinkage, xvhile the right divide w is thrown out There was distortion 
of the spine Sy philis w as excluded There seemed to be no ev idencc of 
a new growdi It appeared that there had possibly been some chronic 
interlobar infection The diagnosis of chronic fibroid pulmonary tubercu- 
losis was finally made 

April 9 The patient was discharged to his local physician 
Juh S, 1922 Physical examination at the Boston Sanatorium showed the 
patient to be yxell developed but poorly nourished The skin was dry and 
not jaundiced The upper part of the eliest iii front w as coy ered with tinea 
xersicolor The heart was negatixc In the lungs, the loft apex y\as 
moderately dull, with a few fine riles, m the right, there was dulness and 
brondiial breathing from the apex to the inferior angle of the scapula, witli 
increased voice sounds Below, to the base, there was flatness and a 
complete absence of breath sounds In the abdomen, the liver was felt 
10 cm below the costal margin xyitli a slightly tender and someivhat nodular 
edge The genitalia were negative The prostate was not enlarged or 
paintul on palpation In the bones, there was right lumbar scoliosis 
Juh 12 The patient was tapped, and 900 cc of straSv colored fluid was 
withdrawn from the right pleura! caxity 

The urine and stools were negative The sputum was negative for 
tubercle bacilli on six examinations The clinical diagnosis w as pulmonary 
tuberculosis 

The patient died after nine weeks in the hospital 
The necropsy revealed a right bronchiogenic cancer with metastases to 
the left lung, liver and rib, right hemothorax and sclerosis of right lung (figs 
23 and 53) 

Case 5 {B I n h'o 1200) Onset gradual laith paimn chest Disease of 
the heart, and pulmonars tuberculosis suspected Death about four ^cars after 
onset of symptoms Diagnosis Bronchiogenic cancer 




Fig 53 Case 4, There is Thickening and Sclerosis of the Wall of the Air Sac 
Which is Infiltrated with Small Lymphocytes 
The cuboidal neoplastic cells lay singly and in masses in the alveolar lumen They 
also line the “naked” alveolar septums, forming papillary projections into the air sacs 


perfectly well all his life He had been a heavy cigarette smoker for a 
number of years 

Present illness The present illness began m the latter part of 1925 with 
a dull aching pain in the posterior upper chest just below the neck A 
roentgen-ray examination of the chest revealed that he had a “scar” at 
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the upper portion of the left lung He then consulted a competent phthisiol- 
ogist -nho also found a "scar” in the same location but no signs of 
tuberculosis 

He improved somewhat, hut early m 1927 the disease recurred with an 
increased se\ erity A local physician found some disturbance in the heart, 
and this was confirmed by a cardiologist who treated him with digitalis 
He soon lost his appetite, became weak, and tlie pain m his chest and cough 
increased During the year 192S he consulted numerous physicians without 
how ever any result 

He was sent to Colorado where an advanced tuberculosis of the lungs 
was found and he was confined to his bed for two months 

When he returned to Boston he was again evammed by several physi- 
cians who failed to recognize his condition 

His complaints may be considered separately 

1 Cough Although he had coughed for a number of years, tliat of the 
last two years was distressing He expectorated much thick odorless 
sputum He had hemoptysis on several occasions and his sputum was 
blood streaked 

2 Dyspnea Shortness of breath progressively increased, alarmingly 
He felt better lying on his left side Lying on his nght side caused him to 
cough and to vomit His dyspnea did not occur in attacks, nor did he have 
wheezing 

3 Pain The pain in the left chest steadily mcreased, occasionally radiat- 
ing down the left arm, at times to the back and to the shoulder Its severitj 
kept him awake at night 

4 Hoarseness This was noticed after February, 1928 

5 Weight His best weight three years earher had been 220 pounds (90 
kgm ) at the time of his admission to the hospital he weighed about 165 
pounds (65 kgm ) 

6 Fever The temperature had a tendency to be elevated now and then 

7 Night sweats He perspired only occasionally 

Inspection revealed that his chest was markedly asymmetrical, the left 
side being retracted 

Examination showed dulness to flatness confined to the left upper thorax 
extending to the angle of the scapula, the tactile fremitus was much de- 
creased, the vocal fremitus was barely audible and the whispered voice was 
of the amphoric type There were no iMcs heard The base of the same 
lung was hyperresonant The right lung showed signs of emphysema 
The heart, the abdommal and the pelvic organs showed no disease 

Stereo roentgenographic examination of the chest showed the entire left 
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History P F , a married Jewish antique dealer, aged fifty-six, who had 
come to this country from Russia several years earher, was admitted to 
the Beth Israel Hospital, Boston, January 15, 1929, with the complaint of 
pain in chest His family history was irrelevant Except for a “bron- 
chitis” off and on for the last fifteen or twenty years, the patient had been 



Fig 53 Case 4, There is Thickening and Sclerosis of the Wall of the Air Sac 
Which is Infiltrated with Small Lymphocytes 
The cuboidal neoplastic cells lay singly and in masses in the alveolar lumen They 
also fine the “naked” alveolar septums, formmg papillary projections into the air sacs 

perfectly well all his life He had been a heavy cigarette smoker for a 
number of years 

Present illness The present illness began m the latter part of 1925 with 
a dull aching pam in the posterior upper chest just below the neck A 
roentgen-ray examination of the chest revealed that he had a “scar” at 
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the uiijicrporlton of tlic left lung He then consulted a competent phthisiol- 
ogist who also found a “scar" m the same location but no signs of 
tuberculosis 

He improved somewhat, but early m 1927 the disease recurred witli an 
mere ised sevcrit) A local physician found some disturbance in the heart, 
and this was confirmed bj a cardiologist who treated him with digitalis 
He soon lost his appetite, became weak, and the pain m his chest and cough 
increased During the j ear 1928 he consulted numerous phj sirians w ithout 
however anj result 

He was sent to Colorado where on advanced tuberculosis of the lungs 
w as found and he was confined to Ins bed for Iw o months 
Wien he returned to Boston he was again evamincd bv several physi- 
cians who failed to recognize his condition 
His complaints may be considered separately 

1 Cong/! Altliougli he had coughed for a number of >cars, that of the 
last two vears was distressing He expettorated much thick odorless 
sputum He had licmoptjsis on several occasions and Ins sputum was 
blood streaked 

2 Dyspnea Shortness of breath progrcssivclj increased, alarminglj 
He felt better lying on Ins left side Lying on liis right side c luscd him to 
cough and to v omit His dyspnea did not occur in attacks, nor did he have 
wheezing 

a Pain The pain in the left chest stcadil} iiicreascd,oceasionnllyrndiat- 
ingdown the left arm, at times to the back and to the shoulder Itssevcrity 
kc[it him aw ake at niglit 

•f Uoarsenas This was noticed after J ebriiary, 1928 

5 llVig/i/ Ills best weight three vears earlier had been 220 pounds (90 
kgm) at the time of his adimssion to the hospital he weighed about 16S 
pounds (65 kgm ) 

6 Pact Tlie tempenture had a tendenej to he elevated now and then 

7 \igJt meals He perspired only orcasioiiallv 

Inspection revealed that his chest was mnrkcdlj nsjinmctrieal, the left 
ade being retracted 

Examination showed dulncss to flatness confined to the left upper thorax 
extending to the angle of the scapula, the tactile fremitus w.is much de- 
tested, till, vocal fremitus was barely audible and the whispered voice was 
^theamphonc type There were no r.Hcs heard The base of the same 
“5 was hv^perresonant Tlic right lung showed signs of emphysema 
athiart, the abdominal and the pelvic organs show ed no disease 
^taeo-rocntgenographic examination of the chest showed the entire left 
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than the right. The increased density appeared to 
'K .w^er half of the chesL The left side of the diaphragm was 
r ’ sss costo-phxemc angle was hazy. The heart was displaced 
"hss lung showed emphj*3ema. 

the roentgenologist was that there was an obstructive 
- s&s nronchus probably due to a primarj* mahgnant disease of 

wft, iWB discharged ten da^-s after his admission with the diag- 
circmoma of the left bronchus 

, Following discharge he developed gradually mcreasing 

- ivas due to extension of the bronchial tumor upward 

. *,.\««pression of the oesophagus He was soon unable to swal- 
- s^wuich would lodge about the esophagus Vomitmg became 
symptom. Finally he was unable to swallow even 

' four years after the onset of the S 3 'mptoms 

hi these two patients is regarded as being “characteristic*’ 

- chief complaints were directed toward the respiratory 

^ dyspnea, and pain in chest. 

f '.^iiSJission to follow the sj'mptomatolog}- will be taken up 

''"’a?" 

Physical examination 

- ii£|ijpp: The inspection of the thorax is of importance in the 

pulmonary’ tumor. Since bronchiogenic cancer is as 
condition, the thorax shows in very many patients 
the affected side being “atrophic*’ as compared with 
It is possible that the impairment of the diseased 
I to the inauguration of the malignant con- 
- stated is often preceded by some patho- 
It is then possible that in some 
to a partial immobilization of 
'nns with a “hemiatroph}^’ 
condition was caused 
’ ' 3" in an atelectasis 
I'uritis 

affected side 
3 side, and 
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Dyspnea The opinion of iMcans that “the likelihood of intrathoracic 
tumors produang dyspnea seems to depend to a greater extent upon 
dicir position than upon tlicir size” is also this wnter’s opinion Means 
ated examples in wliicli small but centrally located or mediastinal 
tumors have produced the greater respiratory' embarrassment How- 
c\er, labored breathing wll also be caused by’ cancers uhich have a 
tendency to grow around the bronchi and blood vessels, constncting 
them in a nng-hke manner thus interfering both with the respiration 
and the arculation The premature involvement of the pleura and 
the diaphragm may also cause shortness of breath 

Dyspnea is regarded by some writers as an early symptom This 
may be true in the mediastinal and in the penyascular and penbron- 
chial types of tumor, but otheniise it occurs probably not as early as 
suspected In fact, most observers studied their patients for no more 
than two y'cars, which in the estimation of the author sliould not be 
regarded as an “early stage ” 

Cyaiwsts Cyanosis is a condition occurring m instances where 
there is anoxemia or a difficult transport of oxygen Loewy and 
Schrottcr (quoted by Lundsgaard and Van Slyke) found that in 
normal mdividuals two thirds of one lung (the right upper and middle 
lobe of the nght lung) could be shut off from aeration xvithout causing 
cy anosis, whereas w ith tlic cutting off of a w hole lung cyanosis ensued 

In a few of the patients herem discussed in whom mne tenths of 
one lung was transformed mto a solid neoplastic block, and the other 
lung showed metastases, no cyanosis occurred This was possibly 
due to the fact that the process was developing at a slow pace thus 
giving the patient time to adapt hunself to the newly created condition 
Indeed, as m instances of dyspnea, the occurrence of cyanosis will 
largely depend upon the topography of the tumor and some comph- 
cations, but not on its size Thus, one of our patients show ed a com- 
plete block of the bronchus of the nght lower lobe and partial block 
of the bronchi of the middle and upper lobes He was dyspneic and 
orthopneic with a definite asthmatic stndor on expiration, yet his 
cyanosis was not outstanding Another patient whose chief com- 
plamts were dyspnea and cyanosis of six weeks duration showed at 
necropsy a small pulmonary tumor There were, however, a hydro- 
thorax, metastases to the pleura, pencardium, heart and h\er, and a 
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generalized arteriosclerosis None of the “early” cases that were 
studied in the neurosurgical clinic for cerebral metastases showed 
dyspnea or cyanosis 

Boarsejiess" The involvement of the recurrent laryngeal nerve 
either by pressure or by neoplastic mvasion wiU lead to hoarseness 
Stndor This was present m one of our patients It could not be 
determined at which penod of the disease this phenomenon occurred 
Loss of weight, cachexia' The patients keep their weight for an indef- 
inite period of time The history of loss of weight usually occurs from 
six months to about one and a half years before death 

Cachexia is not a common finding in bronchiogemc cancers possibly 
because many patients succumb to some complication before this 
symptom occurs In mstances when the chmcal course is protracted 
it becomes noticeable about one year before death 

Oedema This occurs m instances when the tumor interferes with 
the circulation either from without or from withm by a neoplastic 
thrombosis Oedema may be confined to one arm, or to the entire 
chest In such mstances there is also a dilatation of the superficial 
thoracic veins 

Adenopathy The findmg of a subclavian lymph node invaded by 
tumor, so characteristic of gastric cancer (usually the left), is uncom- 
mon in bronchiogemc cancer Ingumal and axdlary adenopathy is 
a rare finding m pulmonary cancer 
Fever and night sweats A mild fever is not rare In many instances 
it probably results from a pulmonary mfection engrafted upon the 
tumor 

Night sweats occur m some cases of primary carcinoma of the lung 
Inequality of pupils' This phenomenon seen occasionally m bronchio- 
genic cancer is due to paralysis of the sympathetic nerve mvolved by 
either the new growth or an early malignant or mflammatory apical 
pleuritis 

Cough' It is difficult to estimate how soon after its appearance a 
bronchiogemc tumor leads to a cough It seems hkely that signs of 
bronchial irritation occur rather early in the course of the disease, but 
proper attention is not paid to them by the patient or by the phy- 
sician In a few of our patients a persistent cough or other pulmonary 
disturbances had been for years regarded as “bronchitis” and “asthma ” 
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In some of them the tumor ^\as recogmred at a later penod, tlic pre- 
ceding cough being interpreted as the “previous longstanding chronic 
inflammation" which had led to the inauguration of the neoplasm It 
IS, however, possible that this symptom did not antedate the cancer 
but was caused by the malignant disease itself Cough was present 
in 90 per cent of Fishberg’s patients It w as an outstanding symptom 
in many of our patients who came to tlie clinic, say, one to two years 
before their death Patients admitted to the hospital for a cerebral 
or skeletal metastasis alwa>s denied having had cough However, a 
dose observation often revealed a peculiar grunt, or virtually a super- 
ficial, dry cough wliidi had been unnoticed by the patient It is also 
true that m a few instances in the presence of a sizable tumor (4 or 
5 cm in diameter) m the lung no signs of bronchopulmonary irritation 
could be elicited ("occult" tumors) 

Cough, or a peculiar grunt, is then characteristic of the disease, oc- 
curring probably in its incipient stages 
Expectoration The expectorated matenal is mucoid or mucopuru- 
lent, this being often intimately mixed witli blood Blood-tinged or 
“rusty” sputum often appears before most otlicr subjective or objec- 
tive symptoms A frank hemopty bis (as a rule a teaspoonful m amount) 
occurs later in the course of the disease This symptom, too, is either 
overlooked or regarded as being due to an acid fast infection, or to 
disturbances in the upper respiratory tract 
Pain Patients with pulmonary cancer often complain of pain 
in the chest, in the extremities or in the bones Not infrequently this 
complaint represents the leit motiv of the history This has been 
observed by previous writers (Wolf, Adler), and more recently em- 
phasized by Fishberg and the author It is commonly agreed that 
thoracic pain is an early sign in pnmary carcinoma of the lung, and 
that no other disease will lead to such a persistent, sharp, stabbing 
pain wnth failure to respond to treatment 
The intimate mechanism of the ongin of pain m serous membranes 
in general and that of the lungs m particular has been the source of 
multiple investigations with, however, discordant results By one 
investigator it has been attnbuted to increased friction caused by a 
roughening of the pleural surfaces by the inflammatory exudate, by 
others it has been connected with the tome contractions of the hyper 
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sensitive intercostal muscles. Expenments by Capps have shown 
that the visceral pleura does not respond with a painful sensation 
when irritated by touchmg with a wire point, while the parietal ex- 
hibits a prompt response to stimulation Capps beheves that an 
anterior mediastimtis by involving the panetal pleura causes direct 
local pain, aggravated by inspiration, and with tenderness on pressure 
A posterior mediastmitis, too, mvolvmg the panetal pleura leads to 
dorsal pain. Bray considers that “the cardmal feature of the (pleu- 
ritic) pam is due to tension of the inflamed parietal pleura.” 

In pulmonary cancer pain in the chest may also be due to mvolve- 
ment of the mtercostal nerves by tumor 

WTien pam is present in the bones or jomts it is probably caused 
by a metastasis or it is related to hypertrophic osteo-artropathy re- 
sulting from the “toxins” circulating in the blood in this condition, 
also causing a “toxic arthritis,” Later this will be discussed in more 
detail 

Eypertrophc osieo-arthropalhy, Jtippocrahc fingers This symptom 
complex descnbed years ago by Mane and by Bamberger, provoked 
considerable discussion as to whether the condition is an autonomous 
disease, or occurs secondanly as a comphcation of some other illness 
The question arose also whether the generahzed hypertrophic bony 
changes and the clubbed fingers should be regarded as different stages 
of the same disease At the present time the consensus of opmion is 
that the pathologic process in the bones is secondary to some primary 
disease elsewhere m the body, and that this process and the simple 
clubbing of the fingers are identical, the latter being an earher stage 
of the general involvement of the long bones The condition occurs 
m various inflammatory and neoplastic processes of the lungs, in 
diseases of the heart, of the hver and also of the lymphatic apparatus 
In the periost it leads to a generahzed osteophytosis, in the joints, to a 
toxic arthritis and in the terminal phalanges to clubbed fingers The 
disease may be confined to one particular structure or it may attack 
aU these structures It is probably caused by a toxic substance circu- 
lating in the blood 

As we have said, it is not specific of a pulmonary neoplasm, occur- 
nng also in pulmonary tuberculosis and likewise m other inflamma- 
tory conditions of the lungs Here, then, as vnth the flattening of 
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a hcmithor-ix, it is possible that the osteoarthropathy or its precursor, 
the hippocratic fingers, preceded the nc^^ groiv th Hou ever that may 
be, i\hen this condition is present in a middle aged person a pulmonary 
tumor must be carefully sought Tishberg has reported that 25 per 
cent of his patients showed tins deformity This phenomenon was 
also conspicuous in manv of the patients of this series, and in two of 
them a diffuse osteoarthropathy svas found The history of one pa- 
tient IS of particular interest and yyill be related here 

Case 6 (.B I II No S61) Onset gradual iOtth pain and stijfncss in joints 
and Linth cough Recent attacks of epitepsv Clinical diagnosis dbsccss of 
lung, pulmonar\ osicoarlhropathj, and epilepsy Death Necropsy disclo- 
sure of bronchiogcnic cancer u-ith cavil) formation 

History H M a wadower, a Jew and a meat cutter, aged fifty five, who 
had come to America fourteen years previously, was admitted to the Beth 
Israel Hospital, December 6, 1928, with the compl imt of pain and stiffness 
in the jomts of his hand and feet The patient’s parents died at the age of 
about 63 of causes unknown His wife died ten years ago Three children, 
brothers and sisters, were living, being in good health E\cept for measles 
at the age of 15, he had never been ill There was no history of influenza 
However, he had coughed for many years, producing a tenacious sputum 
He smoked twenty cigarettes a davand drank daily a small glass of whisky 

Present illness The present illness began about two years prior to liis 
admission with pains m the cytremities and in the joints, which was diag- 
nosed as rheumatism The condition grew steadily worse, and seven 
months prior to his admission, because of this illness, he w as confined to bed, 
and remained bedridden up to the time of his entry to the hospital His 
cough, too, productive of mucopurulent material, w as increasing in intensity 
Three weeks before hospitalization he coughed up blood on sea eral occa- 
sions He developed profuse night sweats and lost his appetite He had 
also lost 15 pounds (6 kgm ) m the last si\ months 

Examination showed a pale, somewhat emaciated individual, with signs 
of a recent loss of weight He w as lying quietly in bed but showed eyadence 
of pain on slight motion His teeth were m poor condition and his tonsils 
were large, ragged and probably infected His appearance was most im- 
pressive, resembling somewhat that of an acromegalic His features were 
ratlier large and disproportioned and the joints looked as if there was a 
subluxation The lower jaw was prorament, the fingers seemed to be longer 
than usual showing marked clubbing with the typical watch glass nails 
(fig 54) Similar changes were noticed m the lower extremities (fig S5) 
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Examination of the heart showed no disease The blood pressure was 
100 systohc and 68 diastohc 

The lungs revealed a dull area occupying the entire right lower chest 
begmnmg with the angle of the scapula Elsewhere in the lungs there 
■w'ere scattered rales 

The sputum was mucopurulent and moderate in amount It contained 
no tubercle bacilli The erythrocytic count totaled 4,500,000 per cubic 
milhmeter, and the white cells numbered 10,000 per cubic millimeter, the 



Fig 54 Case 6, Hippocratic (Clubbing) Fingers 


hemoglobm averaged 70 per cent The other laboratory data were of no 
importance 

Roentgen-ray examination of the chest showed a triangular area of mottled 
shadow at the mid-portion of the nght lung which was suggestive of a 
pneumonic process The possibility of abscess of the lung could not be 
excluded The interlobar septum between the middle and lower lobes was 
considerably thickened Both sides of the diaphragm were sharply defined 
and the costophrenic angles were clear The left lung and the heart showed 
no disease 

In the bones there was an extensive periosteal thickening with an irregular 
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Fig 55 Case 6, Ciikonic Hypertrophic Osteoarthropythy, Also Clubbing of Toes 

cilcmm deposition, involving all the long bones, being especially marked 
about the phalangeal, metacarpal and metatarsal bones of both hands and 
both feet There Yvas a moderate degree of atrophy of the bones of the 
hands and the feet (fig 55) 
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The soft tissues about the fingers and toes were considerably thickened, 
and there was clubbing of the fingers The bones of the spine and the pelvis 
showed slight hypertrophic changes The joints showed a slight absorption 
of the cartilages 

The changes in the lungs were regarded as being consistent with a pneu- 
monic process or with an abscess 

The changes in the bones were mterpreted as a marked degree of pulmo- 
nary osteoarthropathy 

Chmcal com sc While m the hospital the patient was seized with peculiar 
epileptic attacks 

Under medication with sahcylates, baking and massage his condition 
improved and he was discharged from the hospital February 1, 1929 
Second admission April 21, 1929, about three months after discharge 
the patient was brought to the emergency ward by ambulance He was 
restless, irrational, tried to bite the orderlies and could not speak for fifteen 
minutes His legs were held in flexion, the head was retracted but not 
rigid he perspired profusely and tried to get out of bed 

His interval history as related by a relative was as follows At home the 
patient was continually suffering with pains m joints, which required 
morphia A few days prior to his second entry to the hospital he had 
developed anuria and convulsions which lasted about an hour He was 
irrational, foaming at the mouth and irresponsive The epileptic attacks 
recurred, and were accompanied by loss of sphincter control 

On examination he was irrational, restless, dyspneic and covered with 
a profuse sweat His pupils were widely dilated His thorax showed dul- 
ness to flatness over the entire right back with diminished breath sounds 
The left side showed ephysematous breathing and hyperresonance 

Roentgen-ray reexammation of the chest showed the lower two-thirds 
of the right lung to be obscured by an area of dulness, uniform in character, 
obhteratmg the right border of the heart, the right side of the diaphragm 
and the right costophrenic angle There was no disease in the left lung 
Chmcal coinse The patient has had four typical epileptic attacks of the 
major t3q3e, daily During these attacks he became pale, almost death 
like and markedly cyanotic, he ceased breathing and his radial pulses were 
not palpable It was thought that he had epilepsy, either toxic or due to 
a cerebral abscess secondary to an abscess m the lungs 
May 8, 1929 The patient died 

The clinical diagnosis was Abscess of lung, pulmonary osteoarthrop- 
athj’, also epilepsy 
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The advanced osteoarthropathy was the outstanding feature m this 
case Since this skeletal manifestation is secondary to some pul- 
monary disease, the following pathologic conditions m the lungs were 
considered 1 Tuberculosis This was excluded because of the fact 
the advanced pulmonary lesion was confined to one side, the patient’s 



Fig 56 Case 6, Broxcuiooemc Caacep with Cum (Abscess) Forsuiion Coa 

FINED TO THE UPPER IX)DE OF TUP RlCtlT Lu^G 

The gra> mitcnal is degenerated neoplastic tissue The ca\ity communicated with 
a subplcural abscess The interlobar septum is \ecy much thickened 

temperature was normal and his sputum was repeatedly negative 
for the presence of tubercle bacilli, and finallj because the roent- 
genologic examination, was negative for an acid fast infection 2 
Syphilis of the lung, too, was dismissed because of the patient’s nega- 
tive venereal history, the negative laboratory and roentgenologic 
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The soft tissues about the fingers and toes were considerably thickened, 
and there was clubbing of the fingers The bones of the spine and the pelvis 
showed slight hypertrophic changes The joints showed a slight absorption 
of the cartilages 

The changes in the lungs were regarded as being consistent with a pneu- 
monic process or with an abscess 

The changes in the bones were interpreted as a marked degree of pulmo- 
nary osteoarthropathy 

Clinical com se While in the hospital the patient was seized with peculiar 
epileptic attacks 

Under medication with salicylates, bakmg and massage his condition 
improved and he was discharged from the hospital February 1, 1929 

Second admission April 21, 1929, about three months after discharge 
the patient was brought to the emergency ward by ambulance He was 
restless, irrational, tried to bite the orderhes and could not speak for fifteen 
minutes His legs were held in flexion, the head was retracted but not 
rigid he perspired profusely and tried to get out of bed 

His interval history as related by a relative was as follows At home the 
patient was continually suffering with pains in joints, which required 
morphia A few days prior to his second entry to the hospital he had 
developed anuria and convulsions which lasted about an hour He was 
irrational, foaming at the mouth and irresponsive The epileptic attacks 
recurred, and were accompanied by loss of sphincter control 

On examination he was irrational, restless, dyspneic and covered with 
a profuse sweat His pupils were widely dilated His thorax showed dul- 
ness to flatness over the entire nght back with diminished breath sounds 
The left side showed ephysematous breathing and hyperresonance 

Roentgen-ray reexamination of the chest showed the lower two-thirds 
of the right lung to be obscured by an area of dulness, uniform m character, 
obhteratmg the right border of the heart, the right side of the diaphragm 
and the right costophrenic angle There was no disease m the left lung 
Clinical course The patient has had four typical epileptic attacks of the 
major type, daily During these attacks he became pale, almost death 
like and markedly cyanotic, he ceased breathing and his radial pulses were 
not palpable It was thought that he had epilepsy, either toxic or due to 
a cerebral abscess secondary to an abscess in the lungs 
May 8, 1929 The patient died 

The clinical diagnosis was Abscess of lung, pulmonary osteoarthrop- 
athy, also epilepsy 
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The advanced osteoarthropathy was the outstanding feature in this 
case Since this skeletal manifestation is sccondarv to some pul- 
monir> disease, the following pathologic conditions in the lungs were 
considered 1 Tuberculosis This was excluded because of the fact 
the advanced pulmonaiy lesion was confined to one side the patient’s 



Fie 50 Casf 6 liRoxaiioorKic Cancpp hitii Cwity (Ansetss) roRiimov Cov 
rrvri) to the Upitr Lodp op thp Rjght Luso 
The gnj nnteml is degenerated neophsUc tissue The cavity communicated 'nth 
a subplcuril ibscess The interlobTr septum is very much thichencd 


temperature was normal and his sputum was repeatedly negatiie 
for the presence of tubercle bacilli, and finally because the roent- 
genologic e'camination, w'as negative for an acid fast infection 2 
Syphilis of the lung, too, was dismissed because of the patient's nega- 
tive venereal history, the negative laboratory^ and roentgenolo^c 
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findings, and also because of the unilaterahty of the disease 3 A 
pyogenic infection of the broncho-pulmonary tree It was believed 
that the process in the lung was most likely that of an abscess and of 
bronchiectasis The roentgenologic aspect of the diseased lung re- 
vealing “a triangular area of mottled dullness in the mid-portion of the 
right lung suggesting a pneumonic process” was therefore of no assist- 
ance to the clinician 

At the necropsy a huge bronchiogemc cancer (right) with a large 
cavity in the center of the tumor, filled with necrotic malignant ma- 
terial, was found (fig 56) 

The epileptic attcks which the patient had acquired about two 
months before death were possibly due to the “toxins” circulating in 
his blood which were also responsible for the osteoarthropathy (see 
above) It is remarkable that the physical signs found in the chest 
were so mdefinite as to be of no assistance in making the diagnosis 
Let us consider this point in more detail 

Percussion and auscultation In the chapter on the macroscopic 
classification of bronchiogemc cancers it was stated that as a result 
of the secondary changes which frequently occur in the tumor and 
in parts of the lungs umnvolved by the new growth, the manner of 
advance of the pulmonary neoplasm is inconstant Because of this 
the signs elicited by percussion and auscultation are often kaleido- 
scopic and difficult of interpretation Indeed m an instance of the 
diffuse lobar type the area involved by the neoplasm will be airless 
and evidently dull or flat However even this is not always true as 
the following examples wiU show 

Example 11 The chest showed dulness and bronchial breathing from 
the apex to the inferior angle of the scapula, with increased voice sounds 
Below to the base there was flatness and a complete absence of breath sounds 

At necropsy, the lung was found to be sclerosed and contracted occupying 
only the upper half of the pleural cavity It was diffusely infiltrated with 
tumor The inferior half of the pleural cavity contamed hemorrhagic 
fluid 

Example 12 The expansion of the left hemithorax was diminished 
Vocal fremitus on this side was diminished anteriorly and was absent 
posteriorly On percussion of this side, the note was flat from the apex to 
the angle of the scapula and dull down to the lower border of the lung as far 
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as tlie posterior a\illar\ line \ntcriorh , it mts dull at the apc\ up to tlie 
second interspace, below that, it was normal for an interspace and then was 
markcdh tv mpanitic dow n to the base along the avillae, as if there were air 
beneath the pleural cavitj 

On auscultation this side showed diminished bronchial brea tiling pos- 
tcnorlv at the apev, down to the angle of the scapula Below that, for 
two or three interspaces, the breath sounds were purelj bronchial and close 
to the ear, at the base, there was distant bronchial breathing The whis- 
pered \ oice corresponded anteriorly, the breath sounds w ere bronchial down 
to the third interspace, and below that to the base there was distant bron- 
chial breathing ' 

At necropsy tumor was found to occupj the apical part of the lung for 
about 3 cm The rest of the lung, w ith the evception of the lower segments 
of the lower lobe appeared to be spbt vertically in two equal parts the 
anterior emphjsematous and free of tumor, the posterior representing a firm 
neoplastic mass 

example 13 There was dulncss over the right lower lobe with increased 
breath sounds, normal whispered voice and decrease tactile fremitus in this 
area 

The post-mortem evamination revealed a ncarl> complete occlusion by 
tumor of the right bronchus a little below the bifurcation Anteriorly, the 
wall of the right bronchus was entirelj replaced b> the new growth The 
single upper lobe branch of this bronchus which could be traced was also 
almost entirelj occluded bv tumor Below, the bronchus ended abruptly 
in a diffuse mass of tumor The new growth which had replaced the wall of 
tlie primary bronchus, extended bv direct continuitv over the anterior 
surface of the aorta and toward the aortic arch Posteriorly tlie lung was 
atelectatic, containing a few bronchiectatic cavities The upper lobe was 
tough and fibrous w ith a few tumor nodules at the periphery 

The examples cited emphasize the protean aspect of the bronchio- 
genic neoplasm and the amazing discrepancy existing between the ante- 
and the post-mortem findings 

It IS true that physical signs ^er se are of little value unless interpreted 
in the light of clinical facts However, m the cases just cited (as m 
many other instances) the histones of the illness were rather charac- 
teristic of a pulmonary neoplasm yet the physical signs w ere ambiguous 
The complexity of tlie interpretation of the physical signs m addition 
to the aforementioned factor is also increased by the accumulation 



490 


B M PRIED 


of fluid in the pleural cavity and the breaking down of the tumor 
itself 

Pleurisy Pleurisy with a serous or a sanguinous effusion was not 
as common a finding among our patients as among those studied 
by other workers But m instances when it occurred it always in- 
terfered with the prompt recognition of the true nature of the disease 
It also was noted that a serous exudate is more frequently met with 
than a hemorrhagic one and that the clear fluid may almost abruptly 
become bloody either spontaneously or following a thoracocentesis 
Thus, one of our patients showed no fluid in the chest when examined 
m the clinic and by the roentgen rays, in April In July one liter of 
serous fluid was withdrawn by thoracocentesis, and two months later, 
at the autopsy, a hemothorax was disclosed Pleurisy with effusion 
was a complication of the more advanced stages of the disease and 
not an early accompaniment of the tumor as reported by some authors 

Degenctakon of tumoi Indeed, the breaking down is a feature com- 
mon to all bronchiogenic cancers However there occurs a peculiar 
type of cancer of the lung in which there develops '“central” necrosis 
of the neoplastic tissue resulting in the formation of a cavitation In 
such instances the clinical picture of the malignant process is that of 
an abscess of the lung and the patient is referred to a surgical clinic 
for an operation An example of this variety of tumor was demon- 
strated in case 6 In the case to follow the necropsy finding of a huge 
cavity surrounded by tumor was unexpected, due probably to the 
fact that the patient remained in the clinic for such a short time 

Case 7 {P B B E No 61378) A history of cough pi oductive of blood 
streaked sputum of 6 mouths dui ahou Recent hemoptysis Thoracic pain 
at inteivals Death following a fulminating hemorrhage Necropsy finding 
of a bi onchiogenic cancel with cavity formation 

Histoi y A married Jew of Russian origin, sixty years old, whose past and 
family histones were irrelevant, entered the Surgical Service of the Peter 
Bent Brigham Hospital complaining of a bilateral hernia, of hemorrhoids, 
and of pam in the right chest At the examination signs compatible with 
pulmonary tuberculosis and pleurisy were found and the patient was 
transferred to the Medical Service 

On examination he appeared to be poorly developed and nourished He 
gave a history of cough productive of blood stained sputum for about six 
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months, nncl of hemopt\sis ivhicli had occurred a few dajs before ad- 
mission He had lost but 9 lbs (3 5 kg ) in the hst tw o s ears 4t intervals 
V hen breathing deeph , he complained of a pain in the right chest He had a 
dorsal scoliosis The right side ofhischcst moved slightly less than the left, 
and both of tliem moved verv little The expiration was prolonged on 
both sides w ith the sounds diminished m the right upper back There was 
dulness just outside the sternal edge to the left The ape\ of the heart was 
not felt to the left of the sternum There were heard occasional r lies o\ er 
the right apex with cavernous breathing, and hjpcrresonance just below 
this area could be elicited His fingers show cd definite clubbing 

The question was whether the findings were due to a new growth, bron- 
chiectasis, or possiblv to a pvogcnic indammatorv process 

Broiiclioscoptc t\nnniialion A 7 mm bronchoscope was passed into the 
right mam bronchus wicti graduallv narrowed down in its lumen to a 
point above which the bronchoscope could not be passed At this point 
there was a smooth, rounded swelling, almost occluding the bronchial 
lumen, apparcntlv originating from the medial side of the bronchus Trom 
this was obtained a specimen, which on subsequent examination proved to 
be a carcinoma There w as no bleeding at the time of the operation 

Clinical course Three davs following the bronchoscopic examination tlie 
patient tlev eloped a violent vomiting sjicll, throwing up large quantities 
of blood He died a few minutcsaftcr theonsetof thepulmonary hemorrhage 
Ntcropsy This revealed a bronchiogcnic carcinoma of the middle and 
lower lobes of the left lung with extensive central necrosis of the tumor 
leading to cavatv formation (fig 22, p 428) There were also mctatasis 
to left kidnej, chronic adhesive fibrous pleuritis, generalized arteriosclero- 
sis, cholelithiasis, chronic c>stitis and benign hyjiertroph} of the prostrate 
This case is interesting in manv ways by the presence of a large 
cavity within the tumor communicating with a bronchus, by the mode 
of the patient’s death, resulting from a fulminating hemorrhage, and 
finally by the absence of serious pulmonary disturbances m the pres- 
ence of a massiv'c destructive cancer, for it will be remembered that 
more than one half of his left lung w as replaced by a largely degenerated 
slowly growing carcinoma (fig 22), jet he was seeking medical at- 
tention for hernia and hemorrhoids and not for his pulmonary 
condition 

Comment 

From the material studied it is apparent that a reasonable classi- 
fication of bronchiogenic cancer based on clinical features is as super- 
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fluous at the present tune as that based on their gross anatomy (dis- 
cussed early m this treatise) Indeed, even the “typical cases” in our 
arbitrary classification display such an amazing diversity that one 
rarely can find a group of patientswith similar sjrmptomatology Never- 
theless the “t3^ical” category of bronchiogemc cancer represents as a 
rule no unusual diagnostic difficulties, provided of course one keeps 
m mind the fact that the disease is far from being uncommon The 
symptomatology may be briefly recapitulated 

The onset of the disease which manifests itself m most instances 
m persons between the ages of fifty and seventy, is as a rule insidious 
A grunt or a cough productive of a mucoid or a mucopurulent sputum 
mtimately mixed or only streaked vuth blood is one of the first com- 
plamts Not infrequently there occurs also a small hemoptysis A 
sharp stabbing pain m the chest is a characteristic sign noted by all 
observers and is looked upon as a cardinal symptom which other 
diseases rarely give Loss of weight, appetite and strength, pleural 
effusion, dyspnea and cyanosis, occur m all likelihood m the more 
advanced stages of the disease Very many patients show an asym- 
metry of the thorax with the narrovang of the affected side, m a high 
percentage of them there are clubbed fingers, and sometimes a diffuse 
osteoarthropathy Many of the author’s patients also showed a 
kyphosis 

The physical signs found in the chests of these patients are rather 
scant and not charactenstic This holds equally true for most chronic 
pathologic conditions of the lungs The interpretation of the signs is 
e\ndently based on the same laws as that of other mtrathoracic diseases 
The difficulty in making promptly a correct diagnosis is due to the 
similanties existing between this disease and a number of other chronic 
pulmonary diseases In fact there is not a single “irrefutable” symp- 
tom or a group of s3Tnptoms which is not common to tuberculosis, 
to an abscess of the lungs and to a bronchiogemc cancer Indeed 
most obser\’^ations are to the effect that the last condition is usually 
confounded with phthisis or with a pulmonary abscess In certain 
instances it may be mistaken for an aneunsm of the aorta and m two 
of the author’s cases it was interpreted as a pulmonary infarct In 
the differential diagnosis one must also consider Hodgkins disease (seen 
usually m 3'-ounger individuals), forming a rounded mass confined to 
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the mediastinum or as diffuse pulmonary lymphogramulomatosis 
(Weber), a tliymoma, and a teratoma of the lung (H Christian) In 
a few cases eclnnococcus cyst and actjmomycosis of the lung have been 
observed giving s> mptoms and signs analogus to those found m primary 
carcinoma of the bronchus 

Unlike the “tvpical” cases, the diagnosis of an atjyical case is met 
by insurmountable difliculties Of particular interest are those can- 
cers that have shown early metastases to the central nervous system, 
m which instance the metastatic cerebral lesion simulated a rapidly 
growing glioma causing such acute intracranial symptoms as to make 
an intracranial operation an emergency procedure 
In the present scries of 47 cases sixteen showed metastases to the 
brain Of this number 12 were admitted to the service of Doctor 
Harvey Cushing with the diagnosis of a tumor of tJie brain 
The patients were not emaciated nor did they show a marked loss 
of weight, there were no noteworthy abnormal findings recorded m 
the examination of their thoracic organs 
In 8 of the 13 patients the disease started suddenly and in 5 it began 
less abruptly 1 he patients of the first category could state accurately 
the circumstances, the date and often the hour of the onset of the 
first attack In some of them the initial symptoms were those of 
involvement of the motor area of the brain resulting in Jacksonian 
attacks, hemiplegia and w eakness In others it startedxvith headaches, 
nausea and vomiting In one patient it was inaugurated with mental 
symptoms and in another a psychopathic symptom complex occurred 
at a later date The optic discs of twelve patients showed a bilateral 
papilloedema In some of these there was evidence m the new forma- 
tion of tissue that the choked discs had been present for some time 

The course of the illness w as most rapid in each patient so that the 
average period from the time of the onset of symptoms until hospitali- 
zation averaged three months One patient died a week after the onset 
of the intracranial symptoms and two patients had been ill for five 
months before being hospitalized 

Signs of increased intracranial pressure probably occurred early in 
the course of the illness in the majonty of the patients In ten patients 
operated upon, one metastatic nodulewas removed and in two instances 
similar nodules were again removed (from the same location) after 
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fluous at the present time as that based on their gross anatomy (dis- 
cussed early in this treatise) Indeed, even the “typical cases” m our 
arbitrary classification display such an amazing diversity that one 
rarely can find a group of patients with similar symptomatology Never- 
theless the “typical” category of bronchiogemc cancer represents as a 
rule no unusual diagnostic difficulties, provided of course one keeps 
in mind the fact that the disease is far from being uncommon The 
symptomatology may be briefly recapitulated 

The onset of the disease which manifests itself m most instances 
m persons between the ages of fifty and seventy, is as a rule insidious 
A grunt or a cough productive of a mucoid or a mucopurulent sputum 
intimately mixed or only streaked with blood is one of the first com- 
plaints Not infrequently there occurs also a small hemoptysis A 
sharp stabbing pain in the chest is a characteristic sign noted by all 
observers and is looked upon as a cardinal symptom which other 
diseases rarely give Loss of weight, appetite and strength, pleural 
effusion, dyspnea and cyanosis, occur in all likelihood m the more 
advanced stages of the disease Very many patients show an asym- 
metry of the thorax with the narrowing of the affected side, m a high 
percentage of them there are clubbed fingers, and sometimes a diffuse 
osteoarthropathy Many of the author’s patients also showed a 
kyphosis 

The physical signs found in the chests of these patients are rather 
scant and not characteristic This holds equally true for most chronic 
pathologic conditions of the lungs The interpretation of the signs is 
evidently based on the same laws as that of other mtrathoracic diseases 
The difficulty m making promptly a correct diagnosis is due to the 
similanties existing between this disease and a number of other chronic 
pulmonary diseases In fact there is not a single “irrefutable” symp- 
tom or a group of symptoms which is not common to tuberculosis, 
to an abscess of the lungs and to a bronchiogemc cancer Indeed 
most observations are to the effect that the last condition is usually 
confounded with phthisis or with a pulmonary abscess In certain 
instances it may be mistaken for an aneurism of the aorta and in two 
of the author’s cases it was interpreted as a pulmonary infarct In 
the differential diagnosis one must also consider Hodgkins disease (seen 
usually m younger individuals), forming a rounded mass confined to 



rRlMAR\ CARCINOMA Oi TUI LUNG 


493 


the mediastinum or as diffuse pulmonary Ij mpliogramulomatosis 
(Weber), a thjTOoma, and a teratoma of the lung (H Christian) In 
a few cases edunoeoccus cyst and actvnom> cosis of the lung have been 
obsere td giving sjTnptoms and signs an.ilogus to those found in primary 
carcinoma of the bronchus 

Unlike the ‘‘typioal” cases, the diagnosis of an atjyical case is met 
b\ insurmountable difficulties Of particular interest arc those can- 
cers that ha\c shoun early metastnses to the central nenous system, 
in Mhich instance the metastatic cerebral lesion simulated a rapidlv 
growing glioma causing such acute intracranial symptoms as to make 
an intracranial operation an emergency procedure 
In the present senes of 17 cases si\tcen slioncd metastases to the 
brain Of this number 12 Mere admitted to the scrrice of Doctor 
Hanej Cusliing Mith the diagnosis of a tumor of llic bnm 
Hie patients Mere not emaciated nor rlul they sboM a marked loss 
of M eight, there Mere no noteworthj abnormal findings recorded in 
the examination of their thoracic organs 
In 8 of the 13 patients the disease startcel suddenly ami m 5 it began 
Icssabruptlj Ihepaticnlsof the first category could state accurately 
the circumstances, the date and often the hour of the onset of the 
first attack In some of them the initial symptoms yvere those of 
myohement of the motor area of the brain resulting in Jacksonian 
attacks, hemiplegia andneakness inothers it started Mith headaches, 
nausea and yomiting In one patient it y\ as inaugurated Mith mental 


symptoms and in another a psychopathic symptom complex occurred 
at a later date Ihc optic discs of tMclye patients shoMtd a bilateral 
papilloedema In some of these there yyas cy idencc in the ncM forma- 
tion of tissue that the choked discs had been present for some time 
The comsc of the illness Mas most rapid in each patient so that the 
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recurrence six months or a year later In one patient no tumor was 
found In this instance the very marked edema of the brain prevented 
a thorough exploration Five of the patients died within two weeks 
after the operation and at necropsy the brains of four of these showed 
multiple metastases 

Four patients lived five and seven months, and two and seven years 
respectively after the cerebral operation, with complete relief from 
their intracranial symptoms until the final overwhelming spread of the 
disease followed by rapid death 

With the above facts m mind it is the author’s opinion that surgical 
intervention is indicated m such cases, even though one is conscious 
that the lesion is a metastasis For, in instances when the intracranial 
lesion was solitary, its removal with the usual ensuing decompression 
had led to a prolongation of the patient’s life sparing much suffering 
caused by an expanding intracranial lesion 
The most common cerebral* tumor found in persons of middle or 
past middle age is a rapidly growing glioma, classified as a ghohlastoma 
vinlHforme The progress of the symptoms in this glial tumor is 
rapid and the majonty of patients show early and severe choking of 
the optic discs However, the average period of survival from the 
onset of symptoms in patients with a glioblastoma is probably longer 
than that of patients with a metastatic epithelial tumor, varying from 
several months to a little more than a year, depending upon whether 
or not an operative procedure had been carried out 

The differential diagnosis between an intracranial metastasis and 
a cerebral vascular lesion likewise represents difi&culties Here the 
progressive character of the disease with signs of a steadily increasing 
intracranial pressure would make the diagnosis of a tumor more plausi- 
ble The same holds true m encephalitis, although some degree of 
papilloedema occurs likewise in patients with this disease 

There has been little experience m this group with mental symptoms, 
only two patients simulatmg a psychosis But here again the advance 
of the illness with the occurrence of a progressing intracranial pressure 
favor the diagnosis of new growth 
From the above it would appear that m a person of middle age with 
a rather abrupt onset of symptoms and signs of a more or less rapidly 
developing intracranial lesion, a metastasis to the brain should be 
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tliought of, also that the lungs arc the most probable scat of the primary 
tumor It IS, moreover, realtred that even m instances when the ev 
amination of the lungs yicicled no definite results, the presence of a 
bronchiogenic tumor should be considered 
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V'in LABORjlTORY METHODS OF INV’ESIIGATION 
Lxpecloralcd material 

There are no biologic tests vvhicli can be utihred as an aid m the 
diagnosis of a bronchiogenic cancer The complement fixation re- 
action (Bordet-Wassermann) is useful in that it helps to exclude syph- 
ilis of the lungs This holds equally true of the examination of 
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the sputum and claimed at one time by Lenhart/ and others as being 
pathognomonic of brondiiogemc cancer can no longer be relied upon 
However, in instances when the patient coughs up a bit of tissue it is 
important to investigate it thoroughly, for the finding of an epithelial 
malignant condition in such material (after it Ins been fixed m the 



Fie 59 Tm, IIisTotocic Appevrancl of a Uemoseiivgic Exudate trosi a Case or 
Rroxciiiocfstc Cascee 

The fluid A\Ts centrifuged, and the sediment was fixed m a solution of formaldehyde 
cmatoaylin and cosin, X 110 


customary waj ) is conclusive evidence of the existence of a primary 
pulmonary neoplasm (fig 57) It will be remembered that tumors 
which have metastasiyed to the lung have never been observed to invade 
the bronchial wall, and hence will not jield carcinomatous matenal 
in the sputum 
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The pleinal exudate 

The presence of a serous exudate in the pleural cavity is indeed 
characteristic of many inflammatoiy’' conditions of the lung and pleura 
But when the fluid is hemorrhagic it indicates in most instances the 
malignant nature of the undertymg process, but without telling whether 
it IS a primary or a metastatic pulmonary’- lesion 

The examination of the exudate for the presence of neoplastic cells 
IS an important procedure Better results are obtained when the 
fluid IS centrifuged and the sediment is fixed in a 10 per cent solution 
of formaldehyde or Zenker’s fluid and run through the customary pro- 
cedure of paraffin sections (figs 58 and 59) Here, too, the pathologist 
vnll not be m a position to establish definitel)' the origmal seat of the 
new growth But in mstances where there is a question between an 
inflammatory and a malignant process winch are believed to have 
origmated primarily m the lung, the fiuadmg of neoplastic cells in the 
pleural fluid ivill point out the correct diagnosis 

The h onchoscopic exaimuahon 

The examination of the bronchopulmonary tree with the broncho- 
scope will indicate early a pathologic process m the bronchus, that is, 
a narrowmg of its lumen due to the neoplastic endobronchial prolifera- 
tion, or possibly to pressure from without The mucosa of the bronchus, 
which IS the pnmar>'' seat of the tumor, will show at the beginning of 
the disease, thickemng or “roughening” of the bronchial mucous mem- 
brane In a number of mstances the removal of a bit of tissue is 
indeed equivalent to a biopsy The importance of this procedure 
must, therefore, be highly recommended It is true that in mstances 
when the tumor origmated in a small bronchiole, which probably occurs 
in a fairly high percentage of cases, it wall not be detected by the 
bronchoscope 

Roentgen-ray examination 

The purpose of this method of mvestigation like that of other labora- 
tory tests IS either to substantiate the diagnosis already made m the 
chnic, or to indicate the true nature of the pulmonary disease m 
doubtful cases 

In bronchiogenic cancer these two requirements are fulfilled by this 
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procedure in a high percentage of cases A competent roentgenologist 
will in most instances establish whether one is dealing with a malig- 
nant or a benign process, he will often ascertain whether the process 
originated primarily in the lung, he likewise will define the extent 
of the process, and as time goes on tlie rate of its progress 
Indeed, this method, too, is far from being mfallible and much re- 
mains to be done in the way of the diagnosis of early pulmonary patlio 
logic processes by the roentgen-rays Nevertheless, this procedure 
when taken alone or in conjunction with the inlratraclical injection 
of hpiodol when added to the clinical data is apparently of the utmost 
value in the diagnosis of a broncliiogemc malignant disease 
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fever in West Africa m the field and in the laboratory Houses 
for living quarters and a central laboratory, all thoroughly screened, 
had been erected in a suburb of Lagos, Nigeria Five of the buildings 
and most of the equipment had been shipped from the United States 
The extensive grounds had been beautified with colorful plants and 
red laterite drives, and there was a good tennis court Conditions 
were highly favorable for the work the staff included men experienced 
in yellow fever investigation m South America, the laboratory was 
well eqmpped, yellow fever cases were available for study, and the co- 
operation of government officials was excellent Up to the end of 
my service with the Commission the field studies were carried on by 
Henry Beeuwkes, Allen M Walcott, Henry Hanson, and Alexander 
F Mahaffy, entomological investigations by L H Dunn, biological 
studies by A S Pearse, pathological examinations by Henry R Mul- 
ler, Oskar Klotz, and Adrian Stokes , and serological and bacteriological 
investigations by Muller, J H Bauer, Klotz, I J Kligler, Stokes, 
and myself At tunes the laboratory investigators went into the field 
also One engineer field assistant, B R Dyer, and two laboratory 
techmcians, V I Glasounoff and A P Batchelder, completed the 
scientific staff It must not be supposed that this formidable list of 
professional and admimstrative men on the staff during a period of 
two years represents the actual number m Africa at any one time 
For example, there were only ten of us on duty at the end of 1926, 
includmg an accountant and a secretary Necessary absences on 
leave dimimshed considerably the number on duty, for the climate 
and general health conditions were such that eighteen months had 
been adopted as the maximum time for continuous service in West 
Africa between periods of recuperation in a temperate chmate Ma- 
laria was one of the greatest risks to health, and it was considered 
necessary to take prophylactic quinine every day during the entire 
penod m Africa This precaution was especially important during 
field expeditions and it undoubtedly kept most of us from being in- 
capacitated by malaria from time to time 

The isolation of the organism causing yellow fever had been con- 
sidered an essential early step in the program of the Commission, 
and every effort was made during these first two years to fin d lepto- 
spirae or other organisms m the blood of patients, in cultures inoculated 
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■snth their blood, or m inoculated evpenmental animals At that 
time it had become generally accepted that Leptospira icteroides was 
the cause of j cllou fever, for m sev eral > ellow fev er epidemics in South 
and Central America Noguchi (3) and other experienced investigators 
had isolated this pathogenic organism from the blood of patients nho 
had symptoms indistinguishable from those of yellon fever In 
West Africa, honev'cr, numerous blood cultures and animal inocula- 
tions failed to produce infection and only negativ e results were secured 
in many Pfeiffer tests in guinea pigs with Leptospira icteroides and the 
sera of yellow fever convalescents The constant search without 
positive findings became almost disheartening The leptospira was 
obvnouslj not present and no other organism could be found Without 
some positive evidence bearing on the etiology of j ellow fever, the 
work of the Commission would of necessity be lunited largely to ob- 
serv’ations of the distribution, s>-mptomatolog> and pathology of 
jeUow fever and the study of the insect vector A new' approach to 
the problem of finding the causative organism would be difBcult to 
devise, for no susceptible animal was available for experimentation 
and the use of human v'oluntecrs was considered not to be justified 
by the circumstances The best hope of throwing light on the etiology 
la} in the remote possibility of discovering a susceptible animal, and 
this was impressed upon me b} Dr T P Russell, Director of the In- 
ternational Health Division, in his parting instructions when I sailed 
for Africa Efforts were redoubled to find that animal, and blood 
from V ellow fever patients was injected at one tune or another into 
several species of African monkevs, and into guinea pigs, rabbits, 
white rats, white mice, native pouched rats, puppies, kittens, and goats 
All seemed to be insusceptible and the outlook w as discouragmg 
In the meanwhile several towns of Gold Coast, lying inland from 
Accra, were becommg successive!} involved in shaip epidemics of 
} ellow fev'er That such extensiv e outbreaks could occur in a nativ e 
negro population was contrary to the widespread behef that nearl} 
all the natives of West Africa, from Senegal to the Congo, have been 
nnmunieed bv attacks of yellow fev er in childhood and that extensiv e 
outbreaks of the disease are impossible among them In this region 
near Accra jellow fever could not have been continuouslv endemic, 
aa a large part of the adult population was obvnouslv susceptible 
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and every effort was made during these first two years to find lepto- 
spirae or other organisms m the blood of patients, in cultures inoculated 
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With their blood, or m inoculated e\penmcntal animals At that 
time it had become gcncrallj accepted that Leptospira ictemdes was 
the cause of yellow fe\ er, for m several yellow fever epidemics m South 
and Central America Noguchi (3) and other experienced mr'estigators 
had isolated this pathogenic organism from the blood of patients wdio 
had sjTnptoms indistinguishable from those of vellow fever In 
West Afnca, however, numerous blood cultures and animal inocula- 
tions failed to produce infection and onlv negativ e results w ere secured 
m many Pfeiffer tests in guinea pigs with Lcptospuaicteroides and the 
sera of yellow fever convalescents The constant search witliout 
positive findings became almost disheartening The leptospira was 
obviously not present and no other organism could be found Without 
some positive evidence bcanng on the etiology of yellow fever, tlie 
work of the Commission would of necessity be limited largely to ob- 
servations of the distribution, symptomatology and pathology of 
yellow fever and the study of the insect vector A new approa^ to 
the problem of finding the causative organism would be diflScult to 
devise, for no susceptible animal was available for axpenmentation 
and the use of human volunteers was considered not to be justified 
by the circumstances The best hope of throw mg light on the etiology 

lay m the remote possibility of discovering a susceptible animal, and 
this was impressed upon me by Dr F P Russell, Director of the In- 
ternational HeatUi Division, in his parting instructions when I sailed 
for Africa Efforts were redoubled to find that animal, and blood 
from y ellow fev cr patients w as injected at one time or another into 
'evetal species of Afncan monlcv's, and into guinea pigs, rabbits, 
white rats, white mice, nativ epouched rats, puppies, kittens, and goats 
All seemed to be insusceptible and the outlook was discouraging 
la the meanw lule several towns of Gold Coast, lying inland from 
Accra, were becoming successiv^cly involved in sharp epidemics of 
yellow fever That such extensive outbreaks could occur in a nativ'e 
Mgto population was contrarv to the widespread belief that nearly 
^11 the natives of West Africa, from Senegal to the Congo, hav e been 
Mfflumzed by attacks of yellow fever m childhood and that extensive 
outbreaks of the disease are impossible among them In this region 
urar Accra yellow fever could not have been continuously endemic, 
a large part of the adult population was obviously susceptible 
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On May 15 Dr Mahaffy saw three yellow fever patients at Larteh 
and found mosquito larvae in 60 houses out of 62 inspected On the 
following day he saw four more patients The government was com- 
mencing control operations and was sending its mobile laboratory from 
Accra for the use of the Commission in its investigations On May 
17 blood was taken for examination from four new cases by Dr Ma- 
haffy and Dr Bauer Thus the epidemic was progressing in this native 
town of 3000 inhabitants, with the daily appearance of new typical 
cases of yellow fever, when Dr Beeuwkes and Dr Adrian Stokes 
reached Accra from Europe on May 25 The quarantine against 
Accra, on account of the yellow fever there, prevented persons who left 
the ship from returning to it, and Dr Beeuwkes was therefore obliged 
to continue his journey to Lagos without landing in Accra Dr 
Stokes, however, went ashore and took with him two chimpanzees 
purchased en route m Sierra Leone By fortunate coincidence, nine 
crown monkeys, purchased in Hamburg by Dr Beeuwkes, had been 
received from another ship on the same day and were available for 
inoculation 

No time was lost in testmg the susceptibility of the new animals, 
as the sharp epidemic at Larteh gave unusual opportunity for obtaining 
virulent blood On May 26, the day after Dr Stokes’ arrival m Accra, 
Dr Stokes, Dr Bauer, and Dr Mahaffy visited Larteh together and 
bled two yellow fever patients 24 and 27 hours after the appearance 
of the first symptoms The rest of the story is related in detail by 
Stokes, Bauer, and Hudson (2) The blood was citrated, mixed, and 
injected into a chimpanzee, two crown monkeys {Macacus simcus), 
and twelve guinea pigs Cultures were made also A few days later, 
on May 30, Larteh was again visited and blood was taken from three 
other yellow fever patients, 23, 30, and 55 hours after the onset of 
s}Tnptoms The three specimens were citrated and mixed and part 
of this blood was injected at once into the other chimpanzee, which 
had been brought to Larteh for the purpose The remainder was 
taken to Accra and injected into two crown monkeys and twelve 
guinea pigs, and cultures were made as before A third mpt was 
made on June 1 Blood w?‘' from a yellow t at 

Larteh 30 hours after the ■ " ■ doms, and " iwn 

monkeys and six guinea ’ d 
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The results wth the cultures i\erc negative, and all the guinea pigs, 
and one chimpanzee remained well The other chimpanzee died of 
meningitis, but had no lesions like those of yellow fever The two 
crown monkeys first inoculated, however, developed fever, and they 
died eight and ten days respectively after the injection of blood At 
necropsy it was obsen’cd that tlic\ had pale livers, hemorrhages into 
the gastro intestinal tract, and other lesions suggestive of yellow fever 
as seen in man Three unused crown monkeys were still on hand 
Two were inoculated each with the blood from one of the infected 
crown monkejs, and the third with an emulsion of liver and kidney 
from one of them These three crow n monkeys and the four inocu- 
lated with human blood in the second and third attempts were placed 
m screened crates and taken by Dr Stokes and Mr Batchelder, with 
due precautions, to the laboratory of the Commission at Lagos during 
the presumed incubation period of the disease 
At Lagos the observation of the crown monkeys was continued 
The three which had been inoculated m Accra with material from the 
two fatally sick monkeys of the first group presented httle evidence 
of value, one showed no reaction and two had fever and recovered, 
but one of the latter died subsequent!) of dysentery Of the four 
monkeys of the second and third groups to reccne human blood, 
how ever, three had fever and died, one on the tenth day and tw o on the 
eleventh day after inoculation, w'hile one of the second group showed 
no reaction The lesions, macroscopic and microscopic, of the three 
monkeys which died were most suggestive of yellow fever and resem- 
bled those of the two crown monkeys which had died in Accra It 
seemed probable that a susceptible annual had been found at last, 
but much experimentation remained to be done before the proof 
could be considered complete that the experimental disease in the 
monkeys w as the same infection as the true yellow fever of man Un- 
fortunately, the supply of susceptible animals had been exhausted and 
there was no way of keeping the infectious agent for further study 
Soon afterward I returned to America feeling confident that I had 
seen the lesions of yellow fever in monkeys at an impressive necropsy 
performed by Dr Stokes in the laboratory at Lagos before the Di- 
rector and the local staff of the Commission 
The progress of the investigation was not interrupted for long A 
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A Brazilian strain, tlie F W , was finally secured by the inoculation 
of a monkey w ith a specimen of monkey liver tissue sent us in the frozen 
state by Dr Aragao of the Oswaldo Cruz Institute 

The cross immunitj tests with these viruses were decisive, as were 
also supplcmentarj tests of various sera for their protective powers 
against yellow fever vims, and the results obtained were published by 
Sawyer, Kitchen, Frobisher, and Lloyd (7) Eleven monkeys which 
had recoiered after infection with the Brazilian F W strain all sur- 
vived inoculation with the highly vimlent Asibi strain from Africa 
and only one showed any fever To get a group of monkeys which 
had survived inoculation with the highly vimlent African strains for 
testing with the American strain was more difficult, but was accom- 
plished by including animals which had received artifically attenuated 
vims or had been protected against the vims by an injection of African 
immune serum Nine monkeys immune to Afncan strains were 
tested and found to resist the F W strain from Brazil, for none of them 
developed fever The F W strain seldom causes death in monkeys 
and is therefore less satisfactory than the Afncan strains in testmg 
for immunity Of 24 monkeys inoculated with the Asibi strain, without 
artificial attenuation of the vims or injections of serum, all but one 
died, while of 20 similarly receiving the FW strain only two died 
It must not be concluded from this evidence that the African strains 
are characteristically more vimlent than the American for man or 
monke>, for less vimlent strains than the Asibi and the French have 
been obtained m Afnca, and after the completion of our cross immunity 
experiments we received from Dr N C Davis a Brazilian strain, 
the S R , which rivals our Afncan strains in vimlence for rhesus 
monkeys 

Additional evidence of the identity of the African and the American 
yellow' fever was obtained by testing sera from persons of each region 
who had had yellow fever, for protective power against the virus of 
the other region Convalescent sera from fourteen persons who had 
had yellow fever in the epidemic in Rio de Janeiro were received 
through the courtesj' of Dr Aragao and Dr Soper The diagnosis 
of yellow fever had been made on the basis of symptoms m each case, 
and m one this diagnosis had been proved by the transfer of infection 
to monkeys through the medium of mosquitoes These sera were 
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were worn Tlic tubes were sealed in the blast lamp as soon as pos- 
sible to prevent absorption of moisture Usually calcium chlonde 
was placed in the tube aboie a cotton plug according to the metliod 
of J H Brown (14), but this is an extreme precaution If liver tissue 
was to be dried, it was ground up with sand and the resulting paste 
w as frozen and desiccated in the same w ay The tubes of dried blood 
or liver tissue were stored in the refrigerator, although the virus in 
the dried state will survive for a considerable time at room tempera- 
ture— just how long we do not know In using the virus, a tube was 
opened and the contents were maved in a mortar with a suitable sol- 
vent, sodium citrate solution in the case of blood 
The ever-mounting list of laboratory infections led us to review the 
technic to see if w e could make it ev en safer, altliough most of the 
persons infected had not w orked w ith dried virus The present stand- 
ard technic in our laboratory commences with the drawing of the 
blood from the heart of an anesthetized monkey The blood is then 
defibnnated by shaking in a flask with beads, cleared of cells in the 
centrifuge, and immediately put into loosely-plugged test tubes, meas- 
uring about 13 by 100 mm , in amounts of 0 5 or 1 0 cc The butt 
of each tube is immersed in a mixture of alcohol and pieces of solid 
carbon dioxide and whirled until the scrum is frozen in the shape of 
a hollow thimble in the bottom of the tube The tubes of serum are 
then put into the desiccator and dried under vacuum When they 
are taken out the next day the thimbles of pale yellow serum have 
shrunk and lie loose m the tubes The tubes are sealed m the blast 
lamp as quickly as practicable and stored in the refrigerator To open 
a tube, the tip is scratched with a file, flamed till stenle mside and out, 
and broken off A volume of distilled water equal to the original 
volume of serum is drawn up into the inoculating sj ringe and mjected 
into the tube The dried serum dissolves in a moment and the fluid 
IS drawn back into the synnge In this way all exposure to the virus 
in the dried state is avoided, and there is no need for tubing the dried 
Material or taking it out under the glass-topped frame For conven- 
ience m securing solid carbon dioxide as needed, we have installed 
m the laboratory an apparatus for converting into small cakes the 
liquid carbon dioxide purchased in cylinders 
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tune of publishing our results we had tested the material preserved 
in this way only after 154 days, but, more recently, dried specimens 
of blood containing the French and S R strains, and of liver containing 
the Asibi strain, have been found to be infective and virulent after 
one year of storage A specimen of the same dried liver tissue, re- 
cently retested after two years of storage, has produced yellow fever 
in a monkey We still have one tube of this specimen for testing on 
its third anniversary 

Others were experimenting at the same tune with methods of desic- 
cation which did not include the prehmmary freezing, and were suc- 
cessful m preserving the virus for considerable lengths of time, Hindle 
(11) for three months and Hudson and Klotz (12) for 38 days An 
occasional specimen prepared by simple diying in vacuum will survive 
longer, for a tube of dried blood prepared by Hudson and Klotz in 
Africa, transported to New York in a sealed tube at room temperature, 
and kept in the refngerator until 155 days old, still contained enough 
live virus to produce yellow fever m a monkey after a prolonged in- 
cubation period 

The method of preserving viruses by drying in the frozen state was 
described in 1911 by Harris and ShackeU (13) who worked with rabies 
Virus, and it has been used in the preservation of several viruses, in- 
cluding vaccine virus and Virus III, by Dr T M Rivers, who recom- 
mended it to us 

Some improvements in the technic of preserving yellow fever virus 
have been made since our pubhcation Originally we put 15 to 20 cc 
of blood, freshly drawn from the monkey’s heart, into a stenle glass 
evaporating-dish with a covering of several layers of gauze The 
blood was then frozen quickly by setting the dish into a shallow pan 
containing alcohol and sohd carbon dioxide The dish was put into 
an improved Hempel desiccator, previously chilled by packing in a salt 
and ice mixture, and dried in vacuum over sulphuric acid On the 
following day the dish of dried blood was taken out, and the thin, 
friable, porous disk was broken up and put mto test tubes The tubing 
was done under a low glass-topped frame to prevent inhalation of 
the fine, light particles of blood, which rmght float off mto the air at 
the mouth of the tube during the manipulations Rubber gloves 
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^^ere v.OTn The tubes were sealed in the blast lamp as soon as pos- 
sible to prevent absorption of moisture Usually calcium chlonde 
uas placed in the tube above a cotton plug according to the method 
of J H Bro’vn (14), but this is an extreme precaution If liver tissue 
■\\as to be dried, it was ground up with sand and the resulting paste 
was frozen and desiccated in the same way The tubes of dried blood 
or Incr tissue were stored in the refrigerator, although the \irus in 
the dried state will surv-n e for a considerable time at room tempera- 
ture — just how long we do not know In using tlie \ irus, a tube was 
opened and the contents w ere mixed in a mortar with a suitable sol- 
vent, sodium citrate solution in the case of blood 
The ever-mounting list of laboratory infections led us to review the 
technic to see if we could make it even safer, although most of the 
persons infected had not w orl ed with dried virus The present stand- 
ard technic m our laboratory commences with the drawing of the 
blood from the heart of an anesthetized monkev Tlie blood is then 
defibriiiatcd by shaking in a flask with beads, cleared of cells m the 
centrifuge, and immediately put into loosely-plugged test tubes, meas- 
uring about 13 b> 100 mm , m amounts of 0 5 or 1 0 cc The butt 
of each tube is immersed in a mLxture of alcohol and pieces of solid 
carbon dioxide and whirled until the serum is frozen m the shape of 
a hollow thimble in the bottom of the tube The tubes of serum are 
then put into the desiccator and dried under vacuum IkTien they 
are taken out the next day the thimbles of pale yellow serum have 
shrunk and he loose m the tubes The tubes are sealed in the blast 
lamp as quickly as practicable and stored in the refrigerator To open 
a tube, the tip is scratched w ith a file, flamed till sterile inside and out, 
and broken off A volume of distilled water equal to the original 
volume of serum is drawn up into the inoculating synnge and injected 
into the tube The dried serum dissolves m a moment and the fluid 
IS drawn back into the syringe In this way all exposure to the virus 
in the dried state is avoided, and there is no need for tubing the dned 
matenal or taking it out under the glass-topped frame For conven- 
ience in securing solid carbon dioxide as needed, we have installed 
m the laboratory an apparatus for converting into small cakes the 
liquid carbon dioxide purchased m cylinders 
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THE PROPERTIES OF YELLOW FEVER VIRUS 

The collection of strains of j’^ellow fever virus and of blood spec- 
imens from patients for our investigations made available an abundance 
of material for the study of the properties of yellow fever virus Such 
a study was imdertaken by Dr Martin Frobisher, Jr (15). He made 
man}' cultures in a wide variety of media, but was unable to cultivate 
any organism which might be the cause of yellow fever from the blood 
or liver tissue of monkeys sick vnth yeUow fever or dead from it, or 
from 30 speamens of atrated blood from yellow fever patients m 
Rio de Janeiro. Neither could he show in guinea pigs moculated with 
blood contaming yellow fever virus any subsequent increase of resist- 
ance to Leptospira icteroides. A growing culture of Bacillus cereus 
would not adsorb the virus and keep it alive The resistance of the 
virus, as found in monkey serum, to several disinfectants and to 
heat was determined and published It did not prove possible to 
find a specific precipitm reaction between immune sera and various 
yellow fever antigens, and all attempts failed to secure a non-specific 
diagnostic agglutmation test analogous to the Weil-Felix reaction in 
typhus fever. Numerous attempts to secure a skia reaction by the 
intracutaneous injection of live or killed virus into immune or normal 
monkeys were without avail Complement fixation tests, however, 
gave results of promise as has been announced by Frobisher (16), 
and his subsequent experience in Brazil has given encouragement to 
the belief that this test wiU become of value as a test of yellow fever 
immumty when its limitations are better understood The evidence 
secured through this series of studies by Frobisher supports the opimon 
that yellow fever is due to a filtrable virus and that bacteria and 
leptospirae play no role in its etiology. 

INTR.ANUCLEAR INCLUSIONS 

Additional evidence favoring the classification of the agent respon- 
sible for yellow fever among the filtrable viruses was announced by 
Torres (17), of the Oswaldo Cruz Institute m Rio de Janeiro He 
found and described intranuclear inclusions m hver cells in experi- 
mental 3’-eIlow fever and pointed out their resemblance to the mdu- 
sions found m certain other diseases caused by filtrable viruses These 
mclusions were later exhaustively studied in the yellow fever labora- 
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torv m New York by Cowdry and Kitchen (18), who described tliem 
in detail, tracing their development m the course of the disease and 
comparing them with the inclusions in other virus diseases They 
found the inclusions in preparations of liver tissue from 10 of 39 
persons who had died of yellow fever 

YELLOW FEVER VIRUS IN THE MOSQUITO 

What happens to yellow fever virus during its “incubation period” 
in the body of the vector, Acdcs aegypii? Does it increase m the 
mosquito, or does it simply migrate or diffuse through the body of the 
insect imtil the salivary glands are reached and the bites become in- 
fective? If it increases in amount, does it pass through some cycle 
of changes m form or size? These questions have not all been an- 
swered yet When Stokes, Bauer, and Hudson (2) made tlie inter- 
esting observation that lellow fever virus in infective mosquitoes 
ground up in physiological sodium chloride solution, would not pass 
Berkefcld filters V and N, although the virus in monkey serum would 
do so, the observation suggested that the virus had larger dimensions 
m the mosquito than in the monkey Before accepting this con- 
clusion, Frobisher and I (19) wished to find out if the same result 
would be obtained if the mosquitoes were ground up in normal monkey 
serum A comparison of the filtrability of the virus in mosquitoes 
with that in monkey serum could then be made eliminating the factors 
of physical differences in the suspending fluids When mosquitoes, 
either infective or in the incubation period of the virus, were ground 
up in a 50 per cent solution of the serum of a normal monkey, the 
virus passed freely through a Berkefeld N filter and produced yellow 
fever in monkeys inoculated with the filtrates When the mosquitoes 
were ground up in physiological sodium chloride solution and the 
suspension was filtered through the coarser Berkefeld V filter, the 
filtrate did not infect or immunize the monkey inoculated A small 
portion of the unfiltered suspension m sodium chloride solution, con- 
taming the equivalent of one mosquito, was injected into a monkey 
in a control test, and much to our surprise, this animal also remained 
well and was later shown to be susceptible to yellow fever virus 
Two other filtration eiperiments were considered failures because 
supposedly infective unfiltered suspensions of mosqmtoes in sodium 
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chloride solution were non-infective when injected into monkeys 
On account of difficulties in keeping tropical mosquitoes under the 
highly artificial conditions of our insectary, it was decided to leave all 
work with mosquitoes to the laboratories of the Division which were 
situated in the tropics, and our work with mosquitoes ceased The 
principal question we had propounded to ourselves had been an- 
swered the virus of yellow fever as it exists in mosquitoes, both in 
their infective stage and during the incubation period, is capable of 
passing through Berkefeld N filters, and we have no evidence that the 
virus in mosquitoes differs from that in the blood of man or monkey 

The mystery of the failures to infect monkeys with suspensions of 
infective mosquitoes in salt solution, filtered or unfiltered, was solved 
later in Lagos by Bauer and Mahaffy (20) They also experienced 
repeated failures to infect monkeys wnth suspensions of infective mos- 
qmtoes in salt solution, and showed that the salt solution itself had a 
decidedly deleterious effect on the virus This effect could be in- 
hibited by the addition of 10 per cent of normal monkey serum to the 
solution This discovery explained not only the loss of infectivity 
of filtered and unfiltered suspensions of mosquitoes in salt solution, 
but also the seeming low virus content of samples of infective blood 
when titrated by inoculating monkeys wnth blood highly diluted with 
salt solution When the diluting fluid contained as much as 10 per 
cent of normal serum, these investigators were able to produce yellow 
fever in monkeys with quantities of blood much smaller than had 
ever before been found infective in this disease Even one ten-mil- 
honth of a cubic centimeter was at times sufficient 

THE REACTIONS OE SUPPOSEDLY REERACTORY ANIMALS TO 
YELLOW FEVER VIRUS 

Various animals which seemed to resist yellow fever virus were 
studied by Frobisher and myself (21) in 1929 Less than two years 
earlier it had appeared that man alone was susceptible, but in the 
interval yellow fever had been produced in several species of Macaciis 
monkeys by a number of mvestigators These findings had been 
confirmed m the Yellow Fever Laboratory in New York with respect 
to M rhesus, M simcus, and M cynomologiis, and it had also been 
fomid out there that M nemestrtnus is susceptible As far as w'e knew 
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at the time our study uas undertaken, proven yellow fever had not 
been produced experimentally in any animal outside the genus Macacus, 
although attempts had been made to infect many species It appeared, 
however, that some of the seemingly refractorj' animals could react 
against injections of yellow fever xnrus to tlie extent of producing anti- 
bodies III their blood, for Pettit, Stefanopoulo, and Frasey (22) had 
prepared immunizing sera in refractory monkejs and a horse 
In our studv we gave large intraperitoneal injections of monkey 
blood containing jellow' fever virus to a collection of animals dis- 
tantly related m the animal kindgom A few days later we made 
tests to see if the active virus was present in the circulating blood, 
and about two weeks after the inoculations the warm blooded animals 
were again bled to ascertain whether there were appreciable amounts 
of protcctix e antibodies in their serum We found that yellow fever 
X'lrus could persist for at least two days and remain active m the blood 
of three species of South American monkeys {Ccbiis liypalciictis, C 
faliielliis, and C albifrciis), the ferret, the guinea pig, and the hiber- 
nating bullfrog (Raita caicsbtana), but we were unable to recover the 
xnrus from an African green monkey (Ccnoptlheciis calltlnckus), the 
rabbit, or the hen in the few trials made The blood of all the warm- 
blooded animals dex'eloped protective substances against yellow fever 
after they had been inoculated, for their sera acquired the power to 
protect rhesus monkevs against death after injections of yellow fever 
xmrus In the cases of all these animals, except Cebus hypolcitcus, 
tests W’ere made which showed that such protective substances w'ere 
not present in the blood of the same animals or others of the same 
species, when there had been no preceding injection of yellow fever 
xnrus The one speaes of cold-blooded animal investigated, the bull- 
frog, did not product protectix'e antibodies, at least not in appreciable 
amounts, for the actne wrus could be recovered from tlie heart’s 
blood two days after a second injection of virus, which was given 17 
days after the first Antibodies, if present in quantity, would have 
protected the monkey inoculated with this blood even if the virus was 
still circulating 

We secured no evidence which suggested that any of the ammals 
underwent an attack of yeUow fexer, except that one of two Cebus 
hypolcucus and the C falucllus and a few of the guinea pigs had rises 
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of temperature to 40°C or above, indicatmg the presence of definite 
fever. We are inclmed to believe that the monkeys underwent a 
mild attack of yellow fever, for Davis (23) has published evidence that 
certam Cebus monkeys are mildly susceptible and may be experiment- 
ally infected Recently Bauer and Mahaffy (24) recovered yellow 
fever virus from the blood of several kinds of resistant Afncan monkeys 
several days after inoculation. In some instances this was done 
through the bites of mosquitoes 

As the virus was easily recovered from the blood of guinea pigs 15 
hours, 4 days, and 5 days after inoculation, although not after 8 or 
14 days, we tried to pass the virus through several guinea pigs in 
senes If we could in this way raise the virulence of the virus for 
guinea pigs, we hoped to be able to use these animals in yellow fever 
expenments in the place of monkeys Only after several trials were 
we able to pass the virus through even two guinea pigs in succession 
and back into a monkey, and we concluded that the guinea pig did 
not give much promise of becoming useful to us in our studies Sel- 
lards (25) was able to pass yellow fever virus through three guinea 
pigs in senes, and Kuczynski and Hohenadel (26) succeeded in doing 
so through six or seven 

We concluded that the species of Cebus monkeys investigated were 
probably slightly susceptible to yeUow fever virus and capable of 
showing symptoms, that the bullfrogs were wholly insusceptible and 
incapable of producing antibodies, but that the other animals studied 
were in an intermediate position The animals of this intermediate 
group all reacted to large injections of the virus by producing pro- 
tective antibodies, but ordinarily they showed no symptoms or lesions 
recognizable as those of yellow fever 

THE USE OE mCE IN TESTS OE IMMUNITY 

The need for an experimental animal, smaller and more convenient 
for laboratory use than the monkey, was soon to be filled It was 
Theiler (27) of the Department of Tropical Medicine of the Harvard 
Medical School who made the important discovery that white mice 
are susceptible to yellow fever if inoculated intracerebrally, and that 
a fixed virus for mice, with shortened incubation period and heightened 
virulence, could be produced by repeated passage through these 
animals He used the French strain in his experiments 
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Yellow fever virus was found to produce a very different disease 
in mice from that which it produces in monkeys In mice the virus 
IS neurotropic and its principal lesions are those of an encephalitis, 
with intranuclear inclusions in the ganglion cells No other distinctive 
lesions were found except sometimes altered blood in the stomach 
That the disease m mice was caused by the yellow fever virus was 
shown by the fact that the disease could be carried back into monkeys 
and could be prevented or delayed m mice by serum from recovered 
yellow fever patients if the serum was injected witli the virus into tlie 
brain Protection seldom resulted if the serum was injected intra- 
peritoneally and the virus into the brain The fixed virus for mice 
proved to be highly virulent for these animals, killing all those inocu- 
lated intracerebrally about five days after inoculation As the 
virulence for mice increased w ith successive passages through mice, 
the virulence for monkeys seemed to fall Adult mice could not 
ordinarily be infected by subcutaneous, intraperitoneal or intramus- 
cular inoculation, which fact accounts for the failure of others to dis- 
cover the susceptibility of tlie mouse 
There is no knowing how many other animals may prove susceptible 
when studied by methods similar to those applied by Thciler, and it 
IS possible that the list of susceptible animals will grow like the list 
of mosquitoes found capable of transmitting yellow fever under 
laboratory conditions (Philip (28)) Although we now know that 
other animals than man are susceptible and other mosquitoes than 
A edes aegypit can transmit the infection, we still lack any convincing 
evidence that these other animals or these other mosquitoes play 
any appreciable part m the perpetuation and spread of yellow fever 
In a second publication Tlieiler (29) has presented his experience 
wath the use of mice m testing sera for protective substances against 
yellow fever virus He inoculated mice intracerebrally, m groups of 
SIX or more, with a mixture of equal parts of a suspension of fixed 
yellow fever virus and the serum to be tested In control tests the 
mice received normal serum and virus These control animals died, 
nearly aU from 5 to 9 days after inoculation, and most of them on the 
sixth and seventh days The groups of mice used m tests of known 
immune sera acted in a different way Usually a few died like the con- 
trol animals, a few more died from the tenth to the sixteenth days, and 
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several survived While there was considerable irregularity in the 
results, it was clear that the method permitted differentiation between 
immune and non-immune sera But, even when the virus was diluted 
to a 1 per cent suspension before being mixed with the immune sera, 
as a rule a considerable proportion of the animals moculated succumbed 
within the period of observ^ation The possibility of a protection 
test in mice had been established, but a practical method for wide 
application remained to be devised 

As the International Health Division had urgent need for a pro- 
tection test more practicable than that m monkeys for use in extensive 
field investigations. Dr Lloyd and I (30) undertook a study with the 
object of modifymg the test devised by Theiler until it should be more 
sensitive and less irregular in its results Dr Theiler gave us his 
strain of virus fixed for rmce, and thus saved us the time it would have 
taken to produce another such strain The Asibi strain has recently 
been adapted to mice m our laboratory by Dr Kitchen, and Dr Lloyd 
and I have done the same with the S R and PAL strains, but none 
of these strains has as yet acquired the high virulence of the French 
strain as adapted to mice by Theiler and passed by now successively 
through 110 mice 

First we applied the test as used by Theiler and secured similar 
results It was evident that known immune sera would not protect 
regularly and completely against a 1 per cent, centrifuged, suspension 
of this potent strain of virus when the virus was placed m direct con- 
tact with the brain tissues The immune sera, however, usually pro- 
tected some of the animals and delayed death m others To give the 
immune sera more chance to prevent the effects of the virus, we sought 
a method by which the virus would be brought indirectly and more 
slowly to the brain This was accomplished by injecting the virus into 
the peritoneal cavity and at the same time injecting a imld irritant 
into the brain to localize the virus there That some of the virus would 
circulate in the blood after a large intraperitoneal injection seemed 
probable in the light of the experiments of Frobisher and myself (21) 
with gumea pigs and other animals After trying many methods, 
we found that the intracerebral injection of 0 03 cc of a solution con- 
taming 2 per cent starch and 0 9 per cent sodium chloride and the 
simultaneous intraperitoneal injection of 0 2 cc of a 20 per cent un- 
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centrifuged suspension of virus-beanng mouse brain would result in 
the death of nearly all the mice, and usually of all of them Death 
took place about two days later than if the virus had been injected 
direcdy into the brain A solution of 0 5 per cent magnesium cWoride 
and 0 9 per cent sodium chloride worked almost as well as the stardi 
solution and could be used in the place of it The quantity of the 
virus injected is important, as some of the controls receiving virus 
without immune serum usually sunuved when we were using a 10 
per cent suspension of the \nrus In testing sera w'e etherize the 
mice lightly and inject the starch solution mtracranially and then 
inject intraperitoneally a muxture of 0 2 cc of the virus and 0 4 cc 
of the serum A known immune serum usually protects completely 
if used in this quantity, while a non-immune serum usually per- 
mits all the mice to die The mice are used m groups of six, each 
group in a separate battery jar The routine observation period is 
14 days We have designated this modified method as the “intra- 
peritoneal protection test in mice” to distinguish it from the “mtra- 
cerebrat protection test m mice” and the protection tests m monkeys 
We are now hopeful that the test, as modified, wiU prove useful m 
epidemiological investigations and that a similar procedure will suf- 
fice for the titration of immune sera and also of virus in mouse brain 
suspensions 


THE FALLEN 

The second epoch of y ellow fever research, like the first, has been 
paid for with precious lives The danger of exposure to infective 
mosquitoes m the laboratory or in the field has long been recognized, 
but the greater peril from the blood and tissues of experimental ani- 
mals has only recently been fully appreciated Exen extreme bac- 
teriological precautions have failed to interrupt the long series of 
accidental infections in the laboratories A list of twenty-nme cases 
of yellow fever contracted in experimental laboratories, wath five 
fatalities,® has been prepared by Berry and Kitchen (31) In most 

* These comprise five of the six deaths from j ellow f e\ er Inch ha\ e occurred among the 
professional men engaged m the yellow fever control and research i\ork of the International 
Health Division, formerly known as the International Health Board, «iincc the beginning 
of active operations m 1918 The one death before the period dealt with m tins lecture 
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cases the infection was attributed to working with infectious monkey 
blood or tissues, but in two instances the exposure was to yellow fever 
in mice, and in two others to the bites of infective mosquitoes The 
recent illnesses have on the whole been less severe than the early ones, 
and it may be that long passage through monkeys has diminished 
the virulence for man 

Why so many persons have been infected in the absence of unusual 
exposure through a recognized wound or a laboratory accident has 
been something of a mystery In most of the laboratories rubber 
gloves were worn in all manipulations of infective material The ex- 
treme infectiousness of blood drawn earty in the disease has been 
explamed in part by the results of experiments by Bauer and Hud- 
son (32) performed soon after the death of Dr Adram Stokes They 
found that yellow fever virus m monkey blood could mfect healthy 
monkeys through the unbroken skin 

Adrian Stokes was the first to be taken He had obtained leave 
of absence from his duties under the Sir William Dunn Professorship m 
Pathology at Guy’s Hospital Medical School to accept an mvitation 
to take part in the investigations of the West African Yellow Fever 
Co mmis sion of the International Health Division His career had 
been one of distinction Most of us remember his work m the mvesti- 
gation of mfectious jaundice durmg the World War He had been 
a member of the first yellow fever commission sent to West Africa 
by the Rockefeller Foimdation His name will long be honored as 
the senior member of the group of mvestigators that discovered the 
susceptibility of the monkey to yeUow fever He was carrymg on 
laboratory experiments which grew out of this discovery when he was 


was that of a bactenologist on the staff of the International Health Board who had gone 
into an endemic area of Mexico to obtain matenal for study and had collected blood from 
a yellow fever patient It seems probable that the infection was contracted through 
mosqmtoes rather than through the blood of the patient, as the specimen was drawn on 
the last day of a fatal illness, a stage of the disease in which the blood is usually not in- 
fective This first professional man to lay down his life in the campaign of the Rockefeller 
Foundation against yellow fever was Howard B Cross He contracted yellow fever at 
Tuxtepec in Mexico and died in Vera Cruz on December 26, 1921 He held the degree 
of Doctor of Philosophy from Johns Hopkins University, where he had specialized in 
bactenology, and he had prepared himself for laboratory research in yellow fever under 
the direction of Dr Noguchi He had just commenced his field investigation when taken 
sick A career of great promise was cut short by his death 
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Stricken From his bed he directed the study of his own case and he 
insisted that his blood be taken for injection into monkeys and that 
mosquitoes be fed on him for transmission experiments He died in 
Lagos on September 19, 1927 

The next to go was Hideyo Noguchi He was so emment that 
there is no need for me to call to mind his outstanding accomplish- 
ments or the honors which have been heaped upon him He was a 
member of The Rockefeller Institute for Medical Research and his 
services i\ ere lent to the International Health Division so that he might 
resume his field investigations of yellow fever as a member of the Yellow 
Fever Commission in West Africa Just as his work there vas fin- 
ished and he was preparing to return to America to complete his 
study, he came down with yellow fever at Accra in Gold Coast On 
May 21, 1928, he died 

The death of Noguchi would have been a senous blow to science 
under any circumstances, but coming at this particular time in his 
career it was most tragic Years of his life had been spent in the 
search for the etiologic agent of yellow fever He had been convinced 
that the cause was a leptospira which he had isolated from supposed 
typical yellow fever cases in a true yellow fever epidemic m Guayaquil 
At the time of his pioneering investigations, no experimental animal 
susceptible to yellow fever virus was available to him or to his ex- 
perienced clinical adxnsers, for none had been discovered As far 
as any one knew or could then find out, the yellow fever of the Guaya- 
quil epidemic was all one disease Noguchi undoubtedly found the 
etiological factor in the cases from which he isolated leptospirae, but 
we now have reason to believe that these were not cases of true 
yellow fever, but rather of leptospiral jaundice (Weil’s disease) The 
correction of the misinterpretation of Noguchi’s important finding 
had to wait for much serological work and the discovery of the sus- 
ceptibility of the monkey to the virus of true yellow fever The use- 
fulness of the rhesus monkey in yellow fever research had already 
been recognized when Dr Noguchi went to Africa Making use of 
this animal, he satisfied himself that yellow fever as found in Africa 
was due to a filtrable virus and not to a leptospira He was working 
to unravel the problem of the confusion between yellow fever and 
leptospiral jaundice when he died, robbed by a cruel fate of the op- 
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portunity to correct and amplify his earlier opinions regarding the 
role of the leptospira and permanently to separate into two diseases 
the seeming clinical entity considered m parts of South America to 
be yellow fever alone His isolation of the leptospira was the essen- 
tial first step m this important differentiation, which has been carried 
to the point of demonstration by his associates at the Rockefeller 
Institute 

The death of William Alexander Young from yeUow fever took 
place at Accra on May 29, 1928, eight days after Noguchi had passed 
away Dr Young was director of the Medical Research Institute 
at Accra It was he who furnished laboratory facilities to the yellow 
fever commission during investigations in Gold Coast and lent the 
mobile laboratory to the Commission When Dr Noguchi arrived 
in Africa, Dr Young welcomed him and gave him laboratory space 
for his work When Dr Noguchi became sick. Dr Young undertook 
to look after his uncompleted experiments Perhaps he would have 
escaped infection if he had not entered mto this self-sacrificmg co- 
operation with Dr Noguchi and the Commission 

Dr A Maurice Wakeman is rightfully included among those who 
fell in yellow fever service, although his disease was not the one he 
was studying but rather some obscure tropical infection He was a 
young man who brought exceptional training and experience m bio- 
logical chemistry to the work of the West African Yellow Fever Com- 
mission At Lagos he carried out important biochemical studies of 
experimental yellow fever He had been moderately ill and was re- 
turmng home when his sickness suddenly became worse and caused 
his death on shipboard He died on March 2, 1929 

Dr Paul A Lewis has long been well known to medical scientists 
He contracted yellow fever in the YeUow Fever Laboratory of the In- 
ternational Health Division in Bahia, Brazil, and died on June 30, 
1929 He had devoted his life to scientific research, and at the tune 
of his death he was an associate member of The RockefeUer Institute 
for Medical Research, connected with the department of animal 
pathology at Princeton He was serving temporarily with the In- 
ternational Health Division in yeUow fever research when he became 
infected He brought to the work a wide experience in the investi- 
gation of virus diseases 
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Dr Theodore B Hayne was serving m his second tour uith the 
West African Yellow Fever Commission when he died of yellow fever 
on July 11, 1930 He had recently been brought into the laboratory 
from the field to carry on the research with mosquitoes, as he had 
long been specially interested in mosquitoes as vectors of disease 
The death of this capable young man of charming personality and 
great interest in research was a heavy loss 
The knowledge that we have of yellow fever his been purchased 
most dearly It should be fully appreaated and given wide appli- 
cation 
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The YOUNG-DIDUSCH 
Urological Outline-Charts 

They enable the clinician or laboratory worket 
to 1 ecord quickly and to visualize his findings. 

They show at a glance the lesion discovered in 
clinical or laboratory examination. 

They record successive findings and present a 
graphic picture of the progress of the case. 

)r. Young says: 

^ XPERIENCE shows that accurate charting and recording of con- 
ditions found by means of clmical and laboratory exammations can 
j done more easily when outhne charts of the normal anatomy are 
:ovided.” 

“In no other field of medicme are there so extensive and accurate 
udies to be made and the advisabihty of havmg simple methods, by 
hich the various lesions can be graphically recorded is evident.” (From 
le article descriptive of the charts, appearing in THE JOURNAL OF 
ROLOGY, Vol. XXI, No. 6, Page 645.) 

V List of the Charts 

A LABORATORY CHART FOR UROLOGICAL CASES. Shows at a 
glance the various laboratory findings; phenolsulphonephthalem 
test, blood urea, non-protem mtrogen, urmalysis, urine cultures, 
blood cultures, blood exammations, blood pressure, blood 
Wassermann, bladder capacity, residual urine. Provides for 
very complete records of the phthalem test. 

I PROSTATIC CHARTS. Five charts m one Fmdmgs on the pros- 
tate, semmal vesicles and base of bladder by rectal examination 
provided m A; the cross section in B; the cystoscopic study of 
the mtravesical and mtraurethral configuration of the prostate 
in C; D records mterpretation of the cystoscopic findin gs at the 
vesical neck, E, the findmgs m the floor of urethra and median 
portion of the prostate. 


(Continued on Page 7) 
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Illustration of the use of Chart II, 
overleaf 
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Illustration of the use of Chart II, 
overleaf 



Y and D, chart II showing findings in a case of carcinoma of the pros- 
tate, in which radium applications have been made by rectum, a, and 
by urethra, c. Cystoscopic findmgs are shown in c. 
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THE YOUNG-DIDUSCH UROLOGICAL OUTLINE CHARTS 
(Continued from Page 2) 

III CHART OF THE SEMINAL TRACT External diagrammatic view 

of testicle, epididymis and vas deferens, both right and left 
Posterior aspect of the prostate, membranous urethra, seminal 
vesicles, bladder, lower ends of ureters Cross section of the 
prostate 

IV CHART OF THE URINARY BLADDER Six separate diagrams 

are provided to take care of the vanous aspects of the interior of 
the bladder 

V CHART OF THE KIDNEY AND URETER Unnary passages are 

indicated m longitudmal section Pelvis and cahces witli 
surrounding renal cortex, ureter and tlieir entire extent, includ- 
ing vesical ends and trigone, are given 

VI CHART OF EXTERNAL GENITALIA, MALE, NO 1 A chart on 

which cases of epispadias may be recorded Front and side 
view and cross section are given 

VII CHART OF THE EXTERNAL GENITALIA, MALE, NO 2 An 

additional chart on which other conditions of tlie genitalia may 
be recorded Chart presents outline of undersurface, lateral 
view from the left, nght side of penis, dorsal aspect of penis, 
cross section of perns, corpora and urethra 

Vra CHART OF THE LOWER GENITO-URINARY ANATOMY, 
MALE, RIGHT SAGITTAL A median line sagittal section 
through the lower urethra and genital tracts, with adjacent 
structures Particularly valuable for recordmg pathological 
conditions in the urinary passages, and conditions found at 
operation or in post-operative procedures 

IX CHART OF THE LOWER GENITO-URINARY ANATOMY, MALE, 

LEFT SAGITTAL The same as Chart VIII, but for the left 
side 

X CHART OF THE GENITO-URINARY ANATOMY, FEMALE, 

RIGHT SAGITTAL Includes the bladder and urethra, vagma,' 
uterus, rectum, anus, and external genitalia Provides for 
depictmg pathologic and anatomic conditions of both urmary 
and genital tracts, and for operations 

XI CHART OF THE GENITO-URINARY ANATOMY, FEMALE 

LEFT SAGITTAL Same as Chart X, but for left side ' 
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THE VELOCITY OF BLOOD FLOW IN HEALTH AND DISEASE 


The Velocity of Blood Flow in Man and Its Relation to Other 
Measurements of the Circulation 

HERRMAN L BLUMGART 

rrom the Department of Medicine, Harvard Unircrstly School of Medicine, and the 
MfdicaJ Rejearcit Laboratones of the Beth Israel Hospital, Boston, Mass 

CONTESTS 
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1 INTRODUCTION AND HISTORICAL RLSUH^ OR THE PROBLEM OF THE 

VELOCITY OF BLOOD PLOW 

An adequate flow of blood to the tissues implies two things In the 
first place, an adequate amount of blood must he expelled from the 
heart per unit of tune In the second place, this blood must be trans- 
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Ivimination the tune at which tjie dye appeared in the common carotid 
artery He studied the circulation times over many pathways in 
various animals and also studied the circulation times of individual 
organs In dogs he found that the circulation time from the right 
ventncle to the aorta varied from 1.7 to 8 0 seconds, according to 
the size of the dogs used 

In 1922 E Koch (76) presented measurements of the circulation 
time in man in both normal and pathological states He injected 1 cc 
of a 1 6 per cent solution of fluorescein into the cubital vein of one arm 
and then obtained samples of blood at five-second intervals from the 
cubital vein of the other arm The dye, therefore, traversed the veins 
to the right ventricle, the pulmonary circulation, the left chambers of 
the heart, the aorta, the arteries of the arm, the peripheral capillaries 
of the arm and then ^ally the vein from which the blood was col- 
lected In 51 normal male subjects between the ages of fifteen and 
seventy-nine he found that the average circulation time was 20 4 
seconds It should be noted that withdrawal of blood for these pur- 
poses is feasible only from the cubital vein and that in order to deter- 
mine the time of arrival of such a dyestuff, a constant stream of blood 
must flow from the arm through the needle to the collecting tubes 
The formation of clots, the inaccessibility of the veins, the alteration 
of flow by the introduction of the needle into the vein, and the frequent 
difficulty of recognizing the first trace of fluorescein, all necessarily 
interfere with the trustworthiness of such a method (8) 

Meldolesi (98) in 1925 and Koch (77) in 1928 inserted an electrode 
through the skin next to the radial artery or into the cubital vein 
Concentrated salt solution was then injected and its time of arrival 
was registered by means of a galvanometer connected to the electrodes 

In 1927 Blumgart and Yens (7), workmg at the Thorndike 
Memorial Laboratory of the Boston City Hospital, elaborated a 
method according to which radium C, the active deposit of radium, 
was injected into the antecubital vein and the time of arrival m the 
other arm was determined by means of a suitable detecting device 
They summanzed the status of the problem at that time as fol- 
lows (7) 

“Theoretically the most desirable measurement of the velocity of blood 
flow consists in establishing the separate velocities of each mmute portion 
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of the blood along tlie many separate paths When one considers that the 
innumerable vessels m the body arc constantly changing in size and elas- 
ticity, and that the blood is a suspension of corpuscles in n fluid medium, 
the impossibility of fulfilling the ideal requirements becomes obvious 
The problem is further complicated, any mean velocity measurements 
which depend on the insertion o! a mechanical device into the blood stream 
defeats its ends and can, therefore, not be considered for clinical applica- 
tion The most feasible method appears to be the injection of some sub- 
stance at one point in the body, and the measurement of the time of its 
arrival at another point Consideration of the problem shows tliat the 
substance to be used must fulfill the following requirements 

“1 The substance must not be tovic in the amounts utilized Toxicity 
IS of course a relative quality, for any substance, if given in sufficiently 
large amounts, may bring about grave consequences 

"2 The substance should not be present previously in the body Esti- 
mation of additional amounts of substances already within the body is 
always subject to error Weber's law, moreover, is applicable According 
to tins law, the increase of stimulus necessary to produce an appreciable 
increase in sensation must always bear the same ratio to the whole stimulus 
If, accordingly, a substance were already present, greater amounts of that 
substance must be injected to produce appreciable changes at the point of 
detection 

"3 Tlie substance must not in any way disturb the very phenomena 
under investigation Tovicity would introduce such an error The in- 
troduction of hypertonic salt solution would also cause an error for it 
would alter the blood volume, vaiy the speed of blood flow, and thereby 
modify the very phenomenon under investigation 

“4 It is desirable that the substance disappear from the body with 
sufficient rapidity to allow of repeated measurements 

“5 The substance must be readily detectable in minute amounts 
Were this impossible, varying dilutions of the substance would be all the 
more likely to produce correspondingly variable results ” 

Blumgart and Yens (7) found that the use of the acUve depositor 
radium yielded a method which fulfilled the foregoing cnteria and 
permitted clinical application in normal subjects and in a wide variety 
of pathological states 

Blumgart and Weiss (8) in 1927 presented a critique of the method 
and the results of fifty-six measurements of the velocity of blood flow 
m fifty-three normal male individuals 
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The active deposit of radium was collected on a platinum needle 
electrode in a specially constructed chamber (12) (122) (148) (fig. 1) 
The needle was removed from the chamber after an appropriate length 



Fig 1 Diagram of Emanation Chamber Used for the Collection of the Active 

Deposit of Radium 

The steel chamber consists of the cylinder A, to which is fitted a hard rubber top plate, 
B Stopcock C allows introduction of the platinum electrode upon which the active de- 
posit IS collected Stopcock E permits introduction into or escape of mercury from the 
mercury The glass manometer tube, F, allows observation of the pressure within the 
chamber The radium emanation is mtroduced mto the chamber through stopcock D 


of tune and was moistened with 10 per cent hydrochloric acid m a 
capillary tube Concentrated sodium hydroxid was then added until 
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the TcacUon of the fluid was neutral to phenol red The solution was 
then drawn up into a 1 cc tuberculin s>nnge, and from this injected 
into an arm ^eln The effect of an increase in aolunie of the blood 
stream could be disregarded since the \olume injected ranged from 0 1 
to 0 2 cc This amount of hj-pertonic solution is too small to etert 
any effect of phj siological consequence 
The injection w as performed in the follow mg manner A tourniquet 
was applied for as short a time as possible, while a sharp needle con- 
nected to a three-w ay stopcock wras inserted in to the lumen of tlie vein 
The tourniquet w-as then removed By connecting the needle to 
a glass manometer containing sodium citrate, the venous pressure 
was measured according to the method of hforitz and Tabora (102) 
The rapid descent of the small amount of citrate solution m the man- 
ometer tube and the presence of respirator}’' undulations indicated 
free communication between the needle and the \cin The stopcock 
was then turned and the solution containing tlie actite deposit of 
radium injected The \olume of the solution was so small that only 
a fraction of a second w as required for injection The duration of the 
injection was so small a fraction of the time which elapsed between 
that of injection and that of arrival at the opposite arm that it con- 
stituted a negligible error of not more than 0 5 second Three to five 
mmutes elapsed from the time the tourniquet was removed until the 
active deposit of radium was injected Any arculatoiy changes 
caused bj the application of the tourniquet were, therefore, reduced 
to a minimum 

To secure a suitable detecting dence proved to be a formidable 
undertakmg The usefulness ot instruments for detecting minute 
amounts of radioactiv’e substances depends on their ability to detect 
the charactenstic beta and gamma radiations which are emitted from 
within the atom These radiations cause ionization of any gas they 
traverse Conversely, under suitable conditions, the onset of ioniza- 
tion in a gas can therefore be assumed to indicate the presence of the 
radiation of a member of a radioactive senes (118) 

The use ot an electroscope as a detector was attended with great 
difficulties Perfectlj satisfactory shielding of the electroscope from 
the radiations of the active deposit as it coursed through the bod} was 
impracticable Moreover, the prease instant at wluch the radium 
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active deposit arrived was extraordinarily diflScult to ascertain by 
this device 

Kovarik’s modification of the Geiger counting chamber was likewise 
tested (78) The necessity of a source of constant high potential, 
the instability of the steel needle electrode, and the relatively high 


B 



Fig 2 Diagram of Detector and Recording System 

M indicates brass cylinder, A, thin aluminum window, K, lead for high voltage, 
N, hard rubber plug, L, platmum needle, B, amplifying unit consisting of R, three 
electrode vacuum tube, T, transformer for filament of tube, S, plate of tube, W, plate 
batteries, V, batteries for bias for high grid resistance U, and XYC recording pen gal- 
vanometer 


number of spontaneous discharges discouraged the choice of this mode 
of detection 

The use of a cloud chamber of the C T. R Wilson type approached 
the requirements more closely While the C T R Wilson (151) 
cloud chamber permitted measurement of the circulation time from 
the antecubital vein of one arm to the antecubital artery of the other 
arm, the use of a Geiger counting chamber, elaborated for this special 
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purpose uith the aid of Dr Clarence Hewlett of the General Electnc 
Company, enabled automatic registration of the tune of the arnval 
of Uie active deposit m the right chambers of the heart as well as in 
the antecubital artenes (13) (fig 2) The tunc that elapsed between 
the injection of the active deposit into the antecubital vein and the 
arrival of the active deposit in the right chambers of the heart was 
termed “the arm to heart time” for it was a measurement of the 
velocity of tlie venous blood of the arm to the heart The time 
that elapsed between the arnval of the active deposit of radium in the 
nght chambers of the heart and in the arteries about the elbow of the 
arm was called “the crude pulmonary circulation tunc ” Although 
the crude puhnonaty circulation time includes the tune of transit of 



Fig 3 RELAnoH or Patievi to Detectors ano Lead Soieeds 
A indicates site o! injecUon at antccubitat \cm ot one atm The ccnttally situated 
hole in lead shield 5 permits insertion of detector immediately over the nght auricle Dc 
tector D is placed behind shield C to ascertain time of arrival of radium active deposit in 
antecubital arteries 

the active deposit from the left ventncic to the antecubital artenes, 
the velocity of artenal blood flow particularly in vessels as large as 
the aorta, and the subclavian and brachial artenes is conspicuously 
rapid and must be relatively short compared to the actual time 
required to traverse the lungs By applying a standard correction 
based on other measurements in normal individuals, the actual pul- 
monary circulation time of the lungs alone was estimated (13) For 
practical purposes, however, the crude pulmonaiy circulation tune pro- 
vides an estimate of the veloaty ot blood flow through the lungs 
The actual relation of the patient to the apparatus is shown in 
figure 3 

The active deposit of radium was used because of its penetrating 
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radiation which consists of beta particles or electrons and gamma rays 
which are comparable to hard roentgen rays (117, 118) These radia- 
tions can penetrate ordinary substances such as tissues or air but are 
absorbed by lead If, therefore, the active deposit of radium is in- 
jected into the vein of one arm at A (fig 3), the active deposit gives off 
radiations as it is carried up the arm to the nght chambers of the heart. 
The lead shield B, however, prevents the radiation from reaching the 
detecting device which has been inserted within the centrally situated 
hole (13) This hole is placed immediately over the right auricle 
(over the sternum in the third intercostal space) so that, upon the 
arrival of the active deposit within that chamber, the radiations are 
no longer separated from the detector by lead Instead, the radiations 
emerge through the tissues, traverse the air, enter the detecting device 
and there set up a tram of events which finally result in automatic 
registration of the time of arnval of the active deposit within the nght 
chambers of the heart 

Similarly the radiation from the active deposit as it is carried through 
the lungs is prevented from reaching the detector £> by the intervening 
lead shield C Once the active deposit reaches the artenal vessels 
immediately in front of the detector D, the radiations set up a chain 
of events smular to that already descnbed by which their time of 
arrival is automatically registered 

The underlying assumptions upon which the method depended 
were critically examined and their validity experimentally demon- 
strated by Blumgart and Weiss (8) (13) The evidence for believing 
that the onset of the ionization effect in the detecting device accurately 
measured the time of arrnval of the active deposit in the right auricle 
and the time of arnval in the large arterial vessels about the elbow 
was given A comparison was made of the circulation tunes recorded 
by the radium active deposit method with those obtained by testing 
the venous blood directly for the presence of fluorescein and for the 
presence of radium active deposit A comparison was also made 
between the circulation times of given individuals obtained by the 
radium active deposit method and by testing the blood from the 
brachial artery for the presence of fluorescein The effect of variation 
of dosage was also studied In bnef, it may be said that direct and 
indirect evidence confirmed the accuracy of the method, that con- 
siderable variations of the dose of active deposit of radium did not 
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influence the results obtained, that the substance injected was non- 
toxic in the amounts utilized, that no cooperation on the part of the 
patient was necessary, and that measurements could be repeated after 
as short an mterv'al as three hours 
In 1929 the use of histamine for measunng the velocity of blood 
flow nas presented by Weiss, Robb and Blumgart (146) Histamine 
phosphate in amounts of 0 001 mgm per kilogram of body weight 
m 1 5000 or in 1 10,000 solution was injected into the antecubital 
vein and the time of arrival in the small vessels of the face was ob- 
served by noting the onset of marked flushing of the face It was 
noted that almost simultaneously with the onset of flush a sensation 
was felt in the tongue of the subject and offered corroborative evidence 
for the observation of the color change The arm to face circulation 
tunc of the histamine method includes the circulation of the periph- 
eral pathways as well as the pulmonary circuit, and the results ob- 
tained by this procedure are in the mam roughly similar to the arm 
to atm circulation times gained by the use of radium C 

The advantages of the histamine method over the radioactive deposit 
method are as follows 

1 Its use IS simple, requmng no complicated apparatus and technic 

2 The expense of the test is rainunal, and histamine is casilyavail- 
able 

3 The test can be repeated every five to ten minutes, while the 
radioactive method, on account of the persistence of activity, permits 
repetition of measurements at three-hour intervals 

The disadvantages of the method as compared with the radioactn e 
method are as follows 

1 The radioactive method is objective and more exact It makes 
possible the measurement of the velocity of blood flow in several areas 
of the body simultaneously, including important circulatory areas 
(pulmonary circuit), the circulation time of which cannot be measured 
with histamine 

2 In colored and anemic people the histamine test cannot be applied 

3 Patients with circulatory failure frequently become acutely 
dyspneic and develop other symptoms which may be alarming Ten 
of the group of 21 patients wnth circulatory failure showed such unto- 
ward reactions (146) Some patients complain of severe headache 
which may persist for a day 
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4 The test is contraindicated in patients with evidence of coronary- 
disease (146) 

n THE SIGNIFICANCE OF “CIRCULATION TUIE” MEASUREMENTS 

Theoreitcal physics of the velocity of blood flow The fundamental 
charactenstics in a hydrauhc system which determine the velocity of 
flow are, of course, well kno-wn The mean velocity of a stream 
through a rigid tube is directly proportional to its cross sectional area 
and the difference in pressure from point to point The product of the 
cross sectional area multiplied by the pressure head, when divided by 
the coefficient of viscosity, gives the velocity of flow This has been 
expressed, according to Poiseuille’s Law, by the formula 

(P, - P,) T'- 
8 LN 

where Pi — Pj is equal to the difference in pressure, r is the radius of 
the tube, L is the length of the tube and N is the coefficient of viscosity 
Formulation of the factors by such a law is valuable in so far as it 
serves to focus attention on the influences which determine velocity, 
but the futihty of exact application of such a law to biological phe- 
nomena becomes apparent when one considers the constant flux of 
circumstances -within the body The penpheral vascular bed is con- 
stantly varying, not only because of the dehcate flexibility of the 
vasomotor arteriolar control, but also because, as Krogh and as 
Richards have shown, certain capillanes may temporarily be entirely 
or partially closed It must, moreover, be borne in mind that a 
certain change, such as penpheral vasodilatation, may influence the 
velocity of flow simultaneously in two and opposing directions The 
velocity of flow vanes inversely as the resistance, and therefore 
vasodilatation, by lowering the resistance, tends to increase the veloc- 
ity On the other hand, vasodilatation by increasmg the cross 
sectional area of the flowing stream tends to decrease the velocity 
This, and many more continually varying relationships, serve thor- 
oughly to confuse theoretical formulations It is by such “vasomotor 
breezes,” as Allbutt has termed them, that apphcation of the abstract 
laws of theoretical physics is confounded, for, whether one or another 
factor predominates, or, whether by chance they counterbalance. 
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cannot be prophesied For the study of the velocity of blood flow 
\Mtlun the animal organism, direct measurements must therefore 
be resorted to 

The meaning of the term, "arculatwn time ” By the velocity of 
blood flow IS meant the time required for a certain length of fluid 
column to pass a given point, or, conversely, how long a certain cross 
section of fluid takes to flow a definite distance The impossibility of 
secunng such information along the brachial and pulmonary vessels 
during life is evident and so investigators, beginning with lienng 
(67), in 1827, have resorted to Oie injection of readily detectable sub- 
stances and noting the time necessary for such substances to reach 
other parts of the vascular system The term “circulation time,” 
as used by investigators, denotes the interval of time necessary for the 
fastest particle of a foreign substance to traverse the shortest available 
path between the point of injection and the place of detection The 
term “pulmonary circulation time’’ refers to the time necessary for 
a given particle to appear in the left auricle after its previous entrance 
into the pulmonary artery 

A source of variation m the arculatory system which might lead to 
slight differences in the circulation tune has been noted by several 
observers, and was first discussed by Vierordt (138) He states 

“If the first portion of the solution reaches the right auncle towards the 
end of diastole, it will meet blood which has flowed from the place of in- 
jection to the heart before the injection was made The next ventricular 
systole therefore discharges the blood containing the solution as well as the 
blood that has flowed just previous to the injection, and so the circulation 
time may be shortened by almost as much as the time required for a single 
systole A similar situation may arise in the left heart The error will 
obviously be greater when the first portion of the injection mass arrives 
m the auricle shortl) before its next systole If this portion is small, then 
through dilution it will not be detectible, if, however, it is larger it will 
make itself manifest The more incompletely the chambers contract, and 
the slower the heart rate the greater will the error tend to be ’’ 

But even with the ventncular rate as low as sixty per minute this 
error must be less than two seconds 

The path travelled by injected substances wider the conditions of circu- 
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laUon hme measurements In order that changes of the circulation 
tune should be significant, it is of primary importance that under 
physiological conditions the anatomical path travelled by the injected 
substance should be uniform That the path traversed is uniform is 
attested to by a considerable body of evidence Measurements of 
the circulation time by the radioactive method in over one hundred 
normal persons showed agreement within a relatively small range 
(8, 13) Repeated tests on the same individual at different times 
showed close correspondence The work of Hering (67) on horses in 
1827, the investigation of Vierordt (138) in 1858 on vanous small 
animals, and, more recently, the work of G N Stewart (126, 128) on 
dogs and cats all strongly support the conclusion that the path tra- 
versed is a umform one 

One might contend that the circulation time is altered by changes in 
the number of available capillary pathways through the lungs Un- 
fortunately, the question as to whether there is a significant vasomotor 
control of the pulmonary circulation is still in dispute Wiggers (149), 
in an excellent review of the question, concludes with Schafer that the 
fact that ‘‘the pulmonary system is provided with vasomotor nerves 
can no longer admit of doubt,” but states that “provided the degree of 
lung inflation and heart rate remain unaltered, the vessels, that is to 
say, the arterioles, capillanes, and venules do not show any changes 
in size, nor is there any evidence of disappearance and reappearance of 
active capillanes ” 

Certain observations of G N Stewart (128) offer indirect evidence 
in this connection He states (page 27) “that the observed time of 
passage of the altered column of blood over an artery, when salt or 
pigment solution is infused into the, jugular vein, is in general not 
much longer than the time for which the infusion is kept up ” This 
observation indicates that with animals under the experimental con- 
ditions of the study, there existed no partially closed capillanes 
For, if such existed, they would offer greater resistance to the blood 
flow than other more widely open capillaries, and the flow through them 
would be hindered so as to cause a taihng-out of the altered column of 
blood G N Stewart’s observations would be in accord, how- 
ever, with a situation in which the capillaries were either widely 
open or completely contracted Wearn, Barr and German (143), 
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on the other hand, by carefully cutting away the cliest wall of the 
cat, without injunng the panetal pleura, were able to observe the 
capillaries of tlie lungs without m any way manipulating the pulmo- 
nary tissue They found that the capillaries of the lungs cvhibited 
spontaneous vanation in calibre Measurements of the veloaty of 
blood flow by tlie radio-active method do not afford additional evi- 
dence, because once the time of arrival of radium C is noted, the effect 
remains continuously present In general, therefore, it must be stated 
that experimental evidence is still contradictory concerning the ques- 
tion of tlie vasomotor control of the pulmonary circulation It should 
be emphasized, however, that no matter how the issue may eventually 
be decided, the constancy of the circulation time observed by Blumgart 
and Weiss (8, 13) in the same persons on different days indicates that 
such vasomotor effects, if present, arc not of sufficient importance to 
alter the clinical or physiological significance of the results obtained 
with the radio active method 

The pulmonary ctrculalton Itmc as a measure of the mean velocity of 
blood flow through the lungs and its relation to the minute iioluiiic output 
of the heart If the vascular pathways were all equal the pulmonary 
circulation time would signify the interval necessary for the displace- 
ment of the blood in the lungs, and would be a measure of the mean 
velocity On the other hand, if there are considerable vanations in 
the different pathw ays of the pulmonary arcuit, or if there is a hasten- 
ing on of the central stream, the pulmonar)' circulation time would 
have no necessary relation to the amount of blood displaced in the 
lungs, and its significance would therefore be lessened According to 
Tigerstedt (136) and von Kries (142), the speed of the central or axial 
portions of a stream may be twice that of the penpheral portions 
This hypothesis may seem to contain an element of plausibility, but 
further analysis of the theoretical and experunental evidence weighs 
heavily against this possibility In the first place, fluid flowing 
through a tube cannot be considered analogous to a piston moving in 
a cylinder In the case of a piston, the entire friction occurs between 
the piston and the cylinder, whereas m a fluid every portion of the 
flmd develops friction agamst ever>' other portion of the fluid When 
one bears in mind that each smallest portion of the fluid is constantly 
subject to varying frictional forces, and is, therefore, undergoing 
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corresponding vanations in its velocities, and that this situation is 
altered by discontinuous pulsatile waves with outward expansion and 
inward vibratory rebound in the case of the arteries, and by vanable 
respiratory waves in the case of the veins, and when, furthermore, one 
considers the innumerable branchings, the impossibility of what is the 
centrally moving stream at one time remaining the centrally moving 
stream at all other times becomes manifest 

Not only theoretical considerations, but practical experience weighs 
against the velocity of flow of the central stream being far greater than 
the velocity of flow of the outer stream If the central stream velocity 
were far greater than the peripheral stream velocity, one would find 
that, following the injection of dyes into one vein, samples of blood 
obtained from another vein would show considerable “stringing out,” 
because the dye carried in the central stream would appear relatively 
early and would be followed only later by the dye carried in the more 
slowly moving penpheral stream This problem was carefully studied 
by G N Stewart (126, 128), who found that such “stringing out” 
was inconspicuous 

Measurements of the velocity of blood flow by the radioactive 
method do not support the contention of Tigerstedt and of von Kries 
but, on the contrary, indicate that the pulmonary circulation time is 
an index of the mean pulmonary blood velocity (13, 16) 

Stewart has pointed out that the mean pulmonary circulation time 
bears a definite relation to the quantity of blood in the lungs and the 
minute volume flow through the lungs (128) This relation may be 
expressed by the formula 


where V is the volume output of the heart per minute m liters, Q is 
the quantity of blood in the lungs in cubic centimeters, and T is the 
meaji pulmonary circulation time in seconds Were von Knes and 
Tigerstedt correct m their contention that the speed of the fastest 
particle as expressed by the “circulation time” is twice the mean 
velocity, substitution of the pulmonary circulation time for T, the 
mean velocity time, would result in magnifying Q, the quantity of 
blood in the lungs, which would then become twice too great If, on the 
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contrar}', the pulmonary circulation time is an index of the mean 
veloaty, the substitution should give a result which conforms to the 
results of animal experiments 

The general average of the actual pulmonary circulation times in 
man by the radio active method was 6 S seconds (13) The average 
of the minute volume output of the heart in normal males lying at rest 
IS 6 38 liters (13) (SS) (84) Appl>ung the above equation V = 

C 6 38 = Q ^ or Q, the amount of blood in the lungs, equals 

589 cc Assuming that, as in animals, the total blood volume of man 
IS about one-thirteenth of the body weight, and tahing the average 
weight of the subjects as 70 kgm , the total blood volume would be 5 4 
liters in which case 589 cc would represent 11 per cent of the total 
blood volume It is interesting in the light of this finding, which was 
the first approxmiation by actual measurements dunng life of the 
amount of blood in the lungs of man, to note that these results are m 
harmony with direct measurements made in animals (125, 79, 128) 
The observations in man are of importance not only because they give 
information in regard to the amount of blood m the lungs but also 
because they conform so closely to the experuncntal results of Kuno 
(79) and of Stewart (128) and indicate that the pulmonar> circulation 
tune measured by the radio-active method is an index of the mean 
tune of blood flow through the lungs 

III THE VELOCITY OF BLOOD FLOW IN NORMAL INDIVIDDALS 

Koch (76) measured the time necessary for fluorescein to travel 
from the antecubital vein of one arm to the antecubital vein of the 
other arm in sixty-eight women and fifty-one men He found that the 
tune varied from 12 to 26 seconds with an average of 20 8 seconds in 
women and 20 7 seconds in men Blumgart and Weiss (13) measured 
the time necessary for the active deposit of radium to travel from the 
antecubital vein of one arm to the antecubital artenes of the other 
arm and found that this arm to arm arculation time vaned from 14 
to 24 seconds in different mdividuals The average arm to arm arcu- 
lation tune in fifty-three normal subjects was 18 seconds The 
average arm to face circulation tune measured by the histamine 
method m sixty-five normal individuals was 24 seconds (146) The 
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arm to heart tune observed with the radio-active method varied from 
2 to 14 seconds with an average of 6 6 seconds (13) (fig 4). The 
pulmonary circulation tune vaned from 5 to 17 seconds with an 
average of 10 8 seconds (fig 5) The relatively wide range of the arm 
to heart tune reflects the great variability of the volume flow of blood 
in the arm as was demonstrated by G N Stewart (127) and Hewlett 
and Van Zwaluwenburg (69) Since measurements of the arm to heart 



ARM TO HEART CIRCULATION TIME IN SECONDS 

Fig 4 The Velocity of Venous Blood from the Arm to the Heart in Sdcty-two 

Normal Subjects 

tune and the pulmonary circulation time represent data more sus- 
ceptible to accurate interpretation than do estimations which include 
the velocity of blood flow through the peripheral vessels as well as 
through the lungs, future discussion of the velocity of blood flow in 
man will be hmited to the former measurements 

Duplicate measurements of the pulmonary circulation time in the same 
subject. In order to learn what variations may occur in a given 
individual, repeated measurements ot the pulmonary circulation time 
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were performed by Blumgart and Weiss (13) under conditions as 
similar as possible The maximum variation w as 3 5 seconds and 
the average variation in eight persons was 2 seconds These results 
indicate that while the velocity of pulmonaiy blood flow may vary 
considerably in different subjects, it is relatively constant in a given 
individual 

Conditions which may account for the variations tn pulmonary circu- 
lation time of healthy men The pulmonary circulation time may con- 
ceivably be influenced according to the phase of respiration during 



PULMONARY CIRCULATION TIME IN SECONDS 


Fig 5 The Pgiiiovarv Circoeition Tisie in Si\ti two sorual Sobjecis 

which the active deposit enters the heart and pulmonary vessels 
(32, 33) This particular point has not been investigated although 
repeated measurements of the veloaty of pubnonary blood flow in the 
same person showed that such an influence, if present, can hardly be 
of dinical or physiological significance This is in accord with the 
observations of E K Marshall (90, 91) who found that changes of 100 
per cent or more in the ventilation of the lungs were not accompanied 
by changes in the minute volume output of the heart in trained un- 
anesthetized dogs 
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The relation of systemic blood pi essure to the normal pulmonary circu- 
lation time The effect, in animals, of changes of the systemic arterial 
blood pressure on the pulmonary circulation has been carefully 
studied by vanous observers Cloetta and Staubli (34) observed that 
compression of the thoracic aorta always caused increased lung volume 
and elevation of pulmonary arterial pressure Straub (129) found 
that increased penpheral arterial resistance always produced passive 
pulmonary congestion as indicated by increased lung volume and 
increased left auricular pressure Bradford and Dean (24) similarly 
observed that temporary compression of the aorta, or increased vaso- 
constriction, caused slight elevation of pulmonary artenal pressure. 
A rise of pressure in the pulmonary vessels would not, of course, cause 


TABLE 1 

Relation between arterial blood pressure and pulmonary circulation time in normal subjects 


PATIENT 

NUMBER 

BLOOD PRESSURE 

PULMONAR\ 

CIRCULATION 

TIME 

PATIENT 

NUMBER 

BLOOD PRESSURE 

PULMONARY 

CIRCULATION 

TIME 

Systolic 

Diastolic 

Systolic 

Diastolic 


mm Eg 

mm Eg 

seconds 


mm Eg 

mm Eg 

seconds 

255 

166 

94 

5 5 

279 

98 

56 

3 5 

286 

174 

84 

3 0 

280 

78 

54 

6 5 

250 

140 

70 

9 5 

317 

92 

70 

4 5 


an increased velocity of blood flow unless the “head on” pressure, i e , 
the pressure gradient, were greater In fact, a generalized increase of 
pressure in all these vessels, with distortion of the elastic pulmonary 
bed and an increase in the amount of blood m the lungs, would lead to 
a lengthened pulmonary circulation time It seemed of interest, 
therefore, to compare the pulmonary circulation tunes in those in- 
dividuals who showed the highest and lowest arterial blood pressures 
(13) (table 1) 

The results showed no evident relation between normal vanations 
in pulmonary circulation tune and normal vanations in systemic blood 
pressure Back pressure effects either do not occur normally in man, 
or if they do occur, any increase in the amount of blood in the lungs 
is attended by a proportionate increase in the minute volume flow of 
blood 
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The relation betdven the vciilncitlar rale of the heart and the eeloctly 
of blood flow through the lungs The average pulmonary circulation 
tune of Uiose individuals whose ventricular rate was above 90 per 
minute was 8 4 seconds, while the average of those patients whose 
ventricular rate was below 70 per minute was 11 2 seconds (13) (table 
2) An increased ventricular rate is associated with a slightly but 
definitely increased velocity of pulmonary blood flow, although this 
relation does not obtain in each instance 

The relation of the pulmonary ctrculalton lime to the eenous pressure 
and ettal capacity in normal induiduals The vital capacity of the 


TABLE 2 

Relation fititecen ventricular rate and pulmonary circulation time in normal subjects 
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Pulse 
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drcuUuan time 
(crude) 

Patient number 

Pulse 

1 Pulmonary 
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11 5 

250 

62 

mmm 

260 


9 

253 

69 


263 

102 

10 

266 

52 


275 

105 

7 

280 

69 


279 

94 

7 

285 

70 

B^B 

2S6 

98 

6 5 

288 

68 


289 

92 

7 5 

297 

62 

9 

310 

94 

7 5 

320 

66 

11 5 

313 

92 

12 




517 

100 

8 





125 

5 5 




Average 

96 8 

8 4 


65 

11 2 


\T.*frSlCtJLA8 SATE 70- 


lungs and the venous pressure were measured at the same time as the 
pulmonary circulation tune in all normal individuals (13) There 
was no correlation between normal variations m the velocity of 
blood flow, venous pressure, and the vital capaaty of the lungs 
The relation between the surface area and the oeloeity of blood flow 
The heat production and also the vital capacity of the lungs bear 
definite relations to the surface area in man (48) (164) These meas- 
urements express a relation between absolute quantities and surface 
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area The velocity of blood flow measured by the radioactive method 
does not refer to velocity of flow m actual units of time and distance 
but rather to the time necessary for the active deposit of radium to 
travel between certam arbitrarily chosen points If, m large persons, 
the distance between the two arbitranly chosen points were propor- 
tional to the increase in surface area, and the velocity of blood flow 
were unchanged, a longer time would be necessary to traverse the in- 
creased distance and the pulmonary circulation time would be in- 
creased The fact that the pulmonary circulation seems to remain 
relatively constant regardless of the surface area of the subject indi- 
cates that the actual speed of blood flow in larger individuals is greater 
than in smaller persons. 

The influence of age on the velocity of blood flow through the lungs 
The velocity of blood flow through the lungs showed no constant 
relation to the age of the patient, although in a few young persons in 
whom the ventricular rate was elevated the velocity of blood flow was 
somewhat increased (13) 

IV THE VELOCITY OE BLOOD PLOW AND RELATED ASPECTS OF THE 
CIRCULATION IN THYROTOXICOSIS 

Thyrotoxicosis affords an exceptional opportunity to study the 
effects of an increased metabohc rate on the circulation uncomplicated 
by many extraneous factors The importance of circulatory changes 
in thyrotoxicosis has always impressed students of this disease, in fact 
Parry (103) in 1815 originally described exophthalmic goitre as a 
form of heart disease Pie began the chapter on “Diseases of the 
Heart” with the following words, “There is one malady which I have 
in five cases seen coincident with what appeared to be enlargement of 
the heart, and which, so far as I know, has not been noticed, in that 
connection, by medical writers The malady to which I allude is 
enlargement of the thyroid gland ” 

The only available investigation of the degree to which blood flow is 
accelerated m thyrotoxicosis and of the relationship of such measure- 
ments to other aspects of the circulation is that of Blumgart, Gargill 
and Gilhgan (17) They made twenty-seven measurements of the 
pulmonary arculation time and related aspects of the circulation in 
thirteen patients with thyroid disease The patients were divided into 



VELOCITV OF BLOOD FLOW IN HEALTH AND DISEASE 


23 


two groups, one group consisting of nine patients without clinical 
evidence of circulatory insufficiency, the other consisting of four 
patients with definite evidence of cardiovascular disease 

I Thyrotoxic paticntsmlhnochntcalemdcncc of cardtovascttlor disease 

Twenty measurements of the veloaty of pulmonary blood flow and 
related aspects of the arculation were made in the nine patients of 
this group, all of whom had exophthalmic goitre In all but one 
patient, observations were repealed when the basal metabolic rate had 
been lowered by treatment The clinical condition of the patients 
varied considerably Some individuals were very toxic and had ex- 
perienced symptoms for many years, while in others the disease was 
less severe and of shorter duration Six of the nine patients were 
females, and three patients were males The ages of the patients 
ranged from 18 to 45 years 

Blood In all patients the hemoglobin and red blood cell concen- 
tration in the peripheral blood were witliin the limits of normal 

Pulse rate The pulse rates before treatment w ere usually elevated 
but became normal with lowering of the basal metabolic rate There 
was a general relation botw ecn the degree of elevation of tlie pulse rate 
and the increase in the basal metabolic rate In a given case, however, 
the relation was not always evident 

Venous pressure No significant deviations from the normal were 
observed m the venous blood pressures before or after treatment 

Vital capacity of the lungs and respiratory minute volume The 
vital capaaty of the lungs was dimmishcd in five of the nine patients 
in tlie absence of any evidence of circulatory failure The diminution 
observed was not related to the degree of elevation of the basal 
metabolic rate With a decrease in the basal metabolic rate toward 
normal the vital capaaty of the lungs tended to increase although this 
was not apparent m every instance Before treatment when the basal 
metabolic rate averaged 33 per cent above normal, the average vital 
capaaty of the lungs was 1870 cc per square meter of body surface 
After compound solution of iodine had been given, the average basal 
metabolic rate decreased to 22 per cent above normal, but the vital 
capacity of the lungs showed no significant change After operation, 
however, the average basal metabolic rate was one per cent above 
normal and the average vital capaaty was 2010 cc per square meter 
of body surface 
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In a few patients the respiratory minute volume was measured while 
the basal metabolic rate was elevated and again when it had been 
lowered by appropriate treatment. There was some slight dimmution 
in the respiratory minute volume with a return of the basal metabolic 
rate to normal, but the magnitude of the respiratory minute volume 
before treatment and its decrease after treatment bore no direct 
relation to the oxygen consumption 

Velocity of blood flow The velocity of blood flow was strikingly 
increased, the pulmonary circulation time m some cases being the 
most rapid observed in any condition As in other studies (13, 14, 15) , 
the velocity of blood flow from the arm to the heart showed consider- 
able vanation, although in most patients it was definitely increased 
above the normal The variabihty of the arm to heart circulation 
time was unusually great, due, probably, to the vasomotor mstability 
of these patients The extent of the increase in the velocity of blood 
flow through the lungs was closely related to the extent of increase 
m the basal metabolic rate This relationship was present m each 
individual case and is also shown by the average results Blumgart 
and Weiss (13), m a study of fifty-eight normal persons, found the 
average arm to heart circulation time to be 6 6 seconds, and the 
average crude pulmonary circulation time to be 10 8 seconds Blum- 
gart, Gargill and Gilligan (17), in the patients with thyrotoxicosis 
in whom the basal metabolic rate averaged 33 per cent above normal, 
observed an average arm to heart circulation time of 4 9 seconds and 
an average crude pulmonary circulation time of 5 9 seconds These 
results signify an increased velocity of blood flow from the arm to the 
heart of 34 per cent and an increased speed of blood flow through the 
lungs of 83 per cent above the average of normal 
As the basal metabolic rate became lower, the velocity of blood flow 
hkewise approached normal This is shown graphically in figure 6 
The slowing in blood flow toward normal as the basal metabolic rate 
was lowered by Lugol’s solution affords additional rational basis for 
the preoperative admimstration of compound solution of iodine 
II Patients with thyrotoxicosis and clinical evidences of cardiovascular 
disease Seven measurements of the velocity of blood flow and related 
aspects of the circulation were made m the four patients of this group 
Signs or symptoms of circulatory insufficiency had been present pre- 
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viously but were absent at the time of the test, although one subject 
showed auncular fibrillation at the time of the first, but not at the time 
of the second senes of measurements The vital capacity of the lungs 
was lowered in all patients, while the venous pressure was within the 
upper limits of normal The velocity of blood flow through the lungs, 
although conspicuously increased, was shghtly slower than the average 
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Fio 6 Relation of the Velocity op Blood Flow through the Lungs \nd Basal 
Metabouc Rate Jh Patient M C 

Subtotal thyroidectomy was performed during the fourth week of observation 


velocity observed m the group of patients without cardiovascular 
disease but with similar basal metabolic rates The pulse rate was 
generally increased in proportion to the elevation m the basal metabolic 
rate as in the preceding group of patients 
General discussion of measurements m thyrotoxicosis The work done 
by the heart consists mainly in expelling the blood into the aorta and 
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into the pulmonary artery agamst the existing pressures, and in im- 
parting to the blood a certain velocity The conspicuously increased 
velocity of blood flow found m subjects with thyrotoxicosis emphasizes 
the strain under which the heart labors in these patients even when the 
body IS under basal metabohc conditions. 

Certain facts become more significant when considered in relation 
to the augmented velocity of blood flow m thyrotoxicosis The hot, 
flushed, salmon-colored skin, the tendency to perspire, the higher 
pulse pressure, the tendency to greater blood volume (135), and the 
diminution in the vital capacity of the lungs observed clinically (110) 
suggest that considerable vasodilatation is present and that the func- 
tional cross sectional diameter of the penpheral and pulmonary vascu- 
lar bed is increased The relation between volume flow and velocity 
flow through tubes of known diameter is a simple one and is expressed 
by the equation 


a 

where v is velocity flow expressed in seconds, a is the volume flow per 
second, and r is the radius of the tube If other factors remain equal, 
an increase in the functional cross sectional area of the vascular bed 
would tend to diminish the speed of blood flow The fact that the 
velocity of blood flow is so strikingly increased in thyrotoxicosis in 
spite of the existence of considerable vasodilatation is further evidence 
of the extreme strain under which the heart labors (52) 

Although the second group of patients experienced dyspnoea on the 
slightest exertion, the velocity of blood flow was only slightly slower 
than that observed in similar patients without cardiovascular disease 
(group I) This fact emphasizes the close interdependence of the 
circulatory-respiratory-metabohc mechamsm Increased tissue me- 
tabolism cannot take place unless there is a proportionate increase 
both in blood flow and in effective pulmonary ventilation. The 
observations on the velocity of blood flow in the patients of group I, 
in whom there was no evidence of cardiovascular disease, indicate 
the degree to which the velocity of blood flow was increased to satisfy 
the increased metabohc demands of the tissues A blood flow less 
rapid than this in the patients of group II was evidently inadequate and 
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w as accompanied bv dyspnoea on the slightest exertion This finding 
IS of interest for, while the velocity of blood flow was slightly slower 
m the patients of group II tlian in the patients of group I, it was 
nevertheless much more rapid than that found in normal subjects 
The question whether a gieen velocity of blood Jltnu is adequate, therefore, 
cannot be decided in any absolute terms but only in relation to the met- 
abolic rate of the particular patient According to this concept the term 
"normal velocity of blood flow" denotes the velocity of blood flow found in 
normal subjects with a normal basal metabolic rate 
The extremely rapid velocity of blood flow observed in patients with 
thyrotoxicosis affords additional information why such individuals 
experience signs and symptoms of circulatory insufficiency on but 
relatively slight exertion Boothby and Plummer (23) have shown 
that a given amount of work by thyrotoxic patients is accompanied 
by a disproportionate rise in the basal metabohe rate requiring a 
similar disproportionate rise in ventilation and in the volume flow of 
blood Rabinowitch (110), Lemon (80) and others have observed 
that the vital capaaty of thyrotoxic patients is greatly diminished, 
thereby imposing a limitation on the degree to which the ventilation 
can be increased The xvork of Liljestrand and Stenstrom (81), 
Bock (22), Kinmmonth (75), Burw'ell, Smith and Neighbors (28), 
Means and Newburgh (96) and others indicates that the minute 
volume output of the heart in thyrotoxic patients at rest corresponds 
to that in normal individuals doing light work This means that the 
“reserve” in the minute volume output of the heart is partially utilized 
by thyrotoxic patients even xvhile at rest The extremely rapid 
velocity of blood flow found by Blumgart, Gargill and Gilhgan (17) 
indicates similarly that what may be termed the “reserve” in the 
veloaty of blood flow has been senously encroached upon In brief, 
a thyrotoxic individual expenences dyspnoea more readily than a 
normal person because (o) an increased gaseous exchange is necessary, 
(b) a greater expenditure of energy and hence a relatively greater 
degree of hyperpnea is necessary to accomplish a given task, (c) the 
pulmonary bellows are much less eflicient, (d) the “reserve” in the 
minute volume output of the heart has been moderately, and the 
“reserve” m the velocity of blood flow has been greatly encroached 
upon even while the patient is at rest 
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The greatly increased work of the heart even under basal conditions 
serves to explain the frequency of circulatory insufficiency in thy- 
rotoxicosis It cannot be stated on the basis of present knowledge 
whether the frequency of cardiac damage in this condition is due 
entirely to the increased work of the heart or partly to a specific toxic 
effect on the heart 

The increased velocity of blood flow in thyrotoxicosis, however, 
probably occurs to meet the demands of the elevated metabolic rate 
and not as a result of a toxic effect on the heart Blumgart, Gargill 
and Gilhgan (17) have observed several patients with essential 
hypertension m whom the basal metabolic rate was elevated as high 
as plus 33 per cent without clinical evidence of thyrotoxicosis The 
velocity of blood flow through the lungs in these subjects was similar 
to that observed m thyrotoxic patients with equally high metabolic 
rates but without h 3 rpertension The findings are in accord with 
certain measurements of the minute volume output of the heart by 
Davies, Meakins and Sands (44) and by Liljestrand and Stenstrom 
(83) The increased burden imposed by the elevation of the basal 
metabolic rate is of serious import to the already overworked heart and 
indicates the advisability of employing appropnate measures to reduce 
the basal metabohc rate in such patients Reduction of the basal 
metabohc rate, while tending to lessen the amount of the cardiac work, 
could not be expected to affect the degree of the arterial hypertension 
Similar considerations probably apply to other states in which the 
metabohc rate is elevated, such as leukemia and fever 

V THE VELOCITY OF BLOOD FLOW AND RELATED ASPECTS OF THE 
CIRCULATION IN MYXEDEMA 

The clinical aspects of the circulation in myxedema have aroused 
widespread interest, but knowledge oi the pathologic physiology of the 
blood flow in this condition is meagre In the only available study of 
the velocity of blood flow by Blumgart, Gargill and Gilhgan (18), 
sixteen series of measurements were made m seven patients in order to 
correlate the climcal manifestations of myxedema with changes in 
the velocity of blood flow, basal metabolic rate, pulse rate, plasma 
volume, venous and artenal pressures, respiratory minute volume and 
vital capacity of the lungs In each patient measurements made 
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when the basal metabolic rate was low were compared with measure- 
ments made subsequently when the basal metabolic rate had been 
elevated to normal by appropriate doses of desiccated thyroid gland 
by mouth All subjects were women between the ages of 45 and 58 
years, except one woman who was 18 years old 

Blood “Secondary” anemia was observed on examination of the 
blood of eveo^ patient No significant cliange in the anemia was 
noted in the relatively short time that intervened betw een the blood 
flow measurements before and after thyroid treatment The occur- 
rence of anemia in myxedematous patients and its tendenej to dis- 
appear with thyroid therapy have been noted by Emery (50) and 
others The patients of Blumgart, Gargill and Gilligan (IS) were not 
studied over a suffiaent length of time to observe a return of the 
blood to normal The dilution of the blood with the increase in 
plasma volume wluch occurred following thyroid medication was 
sufficient to obscure any possible slight increase in the absolute number 
of red blood cells 

The plasma volume was measured both before and after thyroid 
treatment by the brilliant vital red method used by Thompson (135) 
The results agreed in general with those of Thompson (135) who found 
that the plasma volume per kilogram of body weight is low m 
myxedema and that a significant increase occurs after administration 
of thyroid gland 

Pnlsc rate and pulse pressure The pulse rate was low in the 
pabents studied and bore a general relation to the basal metabolic 
rate although an exact parallelism was not present in each indindual 
case The pulse rate averaged 65 per minute before treatment com- 
pared with an average of 93 following adequate th>roid therapy 
Likewise, the pulse pressure was small when the basal metabolic 
rate was low and tended to increase somewhat after treatment 
These observations are m agreement with those of Davies and Eason 
(43) and with those of Willius and Haines (150) who noted an average 
increase m the pulse pressure from 36 mm mercury before treatment 
to 45 mm after treatment 

Venous pressure The venous pressure was within the limits of 
normal in all the patients, a fact which is in accord with the absence 
of clinical manifestations of congestive heart failure 
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Vttal capacity of the kings In all subjects, the vital capacity of 
the lungs was strikingly diminished in the absence of any signs of 
congestive failure and did not show a sigmficant change following 
treatment No explanation of this phenomenon is available (80, 
92) The extent of diminution in the vital capacity was not closely 
related to the degree of lowering in the basal metabolic rate 
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DAYS OF OBSERVATION 


Fig 7 The Relation between Percentage Variations in the Basal Metabolic 

Rate and the Velocity of Blood Flow through the Lungs in Patient M G 

BEFORE TREATHENT AND AFTER TreATHENT 

The CHcles (o) denote observations of the basal metabohc rate, the sohd dots (•) 
obser\’ations of the pulmonary velocity of blood flow ’ 

Respiratory minute volume The respiratory minute volume was 
conspicuously decreased before treatment and always rose sigmficantly 
as the basal metabolic rate increased The average respiratory min- 
ute volume per square meter of body surface before treatment was 
3 2 hters compared with 4 1 liters after treatment 
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Velocity of blood flow The velocity of blood flow was strikingly 
slow m cacli of the seven patients witli myxedema This was evident 
in botli the arm to heart blood flow (the arm to heart circulation time) 
and the blood flow tlirough the lungs (the pulmonary circulation 
time) The arm to heart arculation tune showed considerable varia- 
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Fio 8 The Relatiok BE-nvEFK Percentace Variations m tue Basal Metabolic 
Rate and the Velociti op Blood Flor tiirohcii the Lungs in Patient E S 
Desiccated thy roid gland wts given during the firs 1 24 days of observation The third 
pair of observations was made after thyroid medication had been discontinued The 
circles denote observations of the basal metabolic rate, the solid dots, observations of the 
velocity of blood flow through the lungs 

tion because of the relatively great spontaneous fluctuations in the 
arm blood flow (13, 14, IS) The degree of slowing in the blood flow 
through the lungs corresponded closely with the degree to which the 
metabolic rate was lowered After adequate desiccated thyroid by 
mouth, the nse in the metabolic rate and the increase m the veloaty 
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of blood flow to normal took place simultaneously and closely par- 
alleled each other (figs 7 and 8) 

The slowing of blood flow in myxedema was not entirely unexpected 
but the degree of slowmg was stnkmg, being almost as great as that 
observed in patients with rheumatic valvular heart disease and auricu- 
lar fibrillation, who had previously suffered from severe circulatory 
decompensation and showed symptoms or signs of congestive failure 
at the time of the test (14) The absence of evidence of circulatory 
insuffiaency in the myxedematous patients with a speed of blood flow 
approximately the same as that of these patients with heart disease 
again emphasizes the fact that the question of whether a given speed 
of blood flow is adequate can be decided only in relation to the met- 
abolic needs of the tissues (17) 

None of the myxedematous patients showed evidence of cardio- 
vascular disease Zondek (154), Assman (1), Fahr (54) and others 
have described a form of myocardial failure characteristic of myxedema 
which IS alleviated only by thyroid therapy On the other hand, 
Means, White and Krantz (97) in a study of forty-eight patients with 
myxedema encountered but one such case Willius and Haines (150) 
in 162 cases found no evidence of heart failure or organic cardiovascu- 
lar disease that could be attributed to the myxedema, and Christian 
(29) similarly stated he had never observed the condition 

More numerous examples of the opposite course of events are avail- 
able, namely, thyroid therapy precipitating circulatory insufficiency 
rather than alleviating it Swan (133) has reported a patient with 
myxedema in whom fibrillation of the auricles appeared whenever 
thyroid substance was administered, the heart action returning to 
normal whenever the drug was discontinued. Read (113), and Means, 
White and Krantz (97) have reported cases m which the administra- 
tion of thyroid substance caused attacks of angina pectoris, and 
Sturgis and Whiting (132), and Pratt and Morton (109) observed 
patients m whom, at each attempt to give thyroid gland, the signs of 
congestive failure appeared Christian (30) has laid particular 
emphasis on the danger of increasing the heart action of certain 
myxedematous patients by thyroid medication 

The measurements of the velocity of blood flow m patients with 
mjTcedema offer a rational explanation for the development of clinical 
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manifestations of myocardial insufiicaency following tliyroid therapy 
The great increase in blood veloaty that occurs nhen the metabolic 
rate is raised to normal necessitates a conspicuously increased amount 
of iiork by the heart Because of this and because the metabolic 
needs of the myocardium have nsen along witli those of the rest of the 
body, the blood supply to the heart must be increased With the 
frequent occurrence of hjpertension and arteriosclerotic narronmg of 
the coronary vessels noted by Fishberg (58) and others in cases of 



Fio 9 The Relation betiveeh hie Pulse Rate anb the Basal Metabqlio Rate in 
Patients ivim Myxedema and Tiiyeotoxicosis 


myxedema, the necessity for cautious administration of thyroid sub- 
stance and the frequent advisability of previous digitalization is 
apparent 

VI COMPARISON OF CHANGES IN THE PULSE RATE, IN THE BASAL 
METABOLIC RATE, AND IN VELOCITY OF BLOOD PLOW IN MYXEDEMA 
AND THYROTOXICOSIS 

In figures 9, 10 and 11 each dot represents an observation on a 
patient with thyrotoxicosis or myxedema either before or after treat- 
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ment The results that approach normal values represent findings m 
th 5 rrotoxic patients after thyroidectomy or m myxedematous patients 
after thyroid substance had been administered (17, 18) 

The relation between the basal metabolic rate and the pulse rate Figure 
9 shows the relation between the pulse rate and the basal metabolic 
rate in patients with myxedema or thyrotoxicosis both before and 
after treatment While a general correlation is apparent, the varia- 



Fig 10 The Relation between the Pulse Rate and Percentage Variations in the 
Velocity of Blood Flow through the Lungs in Patients 
WITH Myxedema and Thyrotoxicosis 

tions of individual measurements are considerable A similar relation- 
ship between the basal metabolic rate and the pulse rate has been 
noted by Sturgis and Tompkins (131) and others (112) in patients 
with th 3 T:otoxicosis and by Mmo’t and Means (99) m patients with 
chronic leukemia The observed variations are probably due to the 
fact that in order to increase the mmute volume output of the heart 
to meet increased metabohc demands, both the stroke volume and 
the number of beats per minute are increased but in varying proportion 
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in different patients Similar variations in response can be obsen'ed 
in normal persons performing a standard exercise test (5) 

The relation between the pulse rate and the velocity of blood flou through 
the lungs The relation between the velocity of blood flow through 
the lungs and the pulse rate (fig 10) shows considerable variation, but 
IS closer than that between the basal metabolic rate and the pulse rate 



F[g II The Relation between Percentage Vapiahons in the Pglhonary Blood 
Velocity and Basal Metxbouc Rate in Patients xvith 
Myxedesia and with Tiiyroxomcosis 


The relation hclofcen the basal metabohe rate and the eeloetty of blood 
flow through the lungs The relation between the basal metabohe 
rate and the velocity of blood flow through the lungs is close and shows 
relatively few vanations (fig 11) This close parallelism between 
blood velocity and metabolism is further evidence that the velocity of 
blood flow IS a fundamental charactenstic of the arculation Com- 
panson of the relation between the velocity of blood flow and the 
basal metabohe rate in myxedema and thyrotoxicosis affords addi- 
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tional evidence that the increased velocity of blood flow through the 
lungs in thyrotoxicosis is due to the elevated metabolism rather than 
to a specific toxic effect on the heart The relation between the basal 
metabolic rate and the velocity of blood flow is a simple linear one 
(fig 11). If the mean mcrease in the velocity of blood flow in thyro- 
toxicosis were due to a specific toxic effect, the line representmg the 
relation between the velocity of blood flow and basal metabolic rate 
would be expected to assume a different direction than that for 
myxedema The fact that the slope is a continuous one is mdirect 
evidence that the increased blood velocity in thyrotoxicosis is due to 
the increased basal metabolic rate 

It should be noted that a given percentage increase or decrease in 
the basal metabolic rate is accompanied by a far greater percentage 
change in the velocity of blood flow. This findmg is in accord with 
observations on the relation between the mmute volume output of the 
heart and the basal metabolism m myxedema and thyrotoxicosis 
(4) (22) (115) (28) (111) This does not necessarily mean that there 
IS a disproportionately increased velocity of blood flow in thyrotoxico- 
sis, or a disproportionate decrease in myxedema, for the companson 
involves two different phenomena which are expressed m totally dis- 
similar units The results demonstrate, however, the close interrela- 
tion between the two fundamental physiological characteristics, blood 
flow and metabolism, and throw additional light on the degree, 
manner, and results of changes m the circulation associated with 
increased and decreased metabolic rates 

vn THE EEEECT OF EPINEPHRIN ON THE VELOCITY OF BLOOD FLOW 

The effect of epmephnn on the velocity of blood flow was studied 
by Blumgart, Gargill and Gilhgan (20) using the radioactive method 
The basal metabolic rate and velocity of blood flow were measured in 
normal subjects before and again after the subcutaneous administra- 
tion of 0 5 to 1 cc of a 1 . 1000 solution of epmephnn in order to com- 
pare changes due to epmephnn with similar changes occurnng spon- 
taneously in patients with thyrotoxicosis (18) Epmephnn produced 
an average increased velocity of blood flow through the lungs of 
approximately 170 per cent with a rise m the basal metabohc rate of 
approximately 15 per cent This effect was greater than might be 
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expected on tlie basis of the increase in the basal metabolic rate since 
in thyrotoxicosis such increases m the basal metabolic rate produce a 
much less striking increase in the velocity of blood flow (18) The 
velocity of blood flow from the arm to the heart w as similarly increased 
These observations on the velocity of blood flow indicate that the 
mam action of cpinephrin is preponderantly upon the heart itself 
This IS in accord with other physiological investigations (45) (61) (72) 
and measurements by other investigators (53) (137) (57) of the minute 
volume output of the heart 

Vin THE EFFrCT OF VARIATIONS IN THE OVYGEN CARRYING CAPACITY 
OP THE BLOOD ON THE VELOCITY OF BLOOD FLOW 

When the oxygen carrying capacitv of the blood is diminished as a 
result of anemia, two mechanisms are available to maintain an ade- 
quate supply of oxygen to tlie tissues (91) These mechanisms may 
act singly or together The first of these consists in relatively more 
complete abstraction of oxygen from tlie blood as it passes through the 
capillaries (65) Normally, 100 cc of arterial blood contain approxi- 
mately 18 cc of oxygen Under normal basal conditions only about 
5 5 cc are removed from the blood as it passes through the capillaries 
The remaining 12 5 cc may be considered as reserve oxygen which can 
be called upon during exercise or other unusual states to prevent 
asphyxia of the tissues The anemic patient m relying on this mecha- 
nism of more complete oxj'gcn abstraction diminishes his reserv'e oxygen 
and sacrifices this factor of safety, the degree of sacrifice dependmg 
upon the severity of the anemia 

The second mechanism which may compensate for a deficient con- 
centration of hemoglobin consists of an increase in blood flow If 
the concentration of hemoglobin is 50 per cent of the normal, the blood 
flow may be doubled Under such circumstances, the amount of 
oxygen abstracted from each cubic centuneter of blood would be one- 
half the normal, but the total amount of oxygen given off to the tissues 
would be unchanged and the total reserve oxygen would be un- 
diminished The heart, however, would be required to expend an 
abnormal amount of energy, and the circulatory reserve would be 
encroached upon The extent to which the pulmonary blood flow is 
accelerated in the presence of anemia was studied by Blumgart, 
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Gargill and Gilligan, using the radio-active method (19) The 
method appeared particularly suited to the study of the circulatory 
adjustment to anemia because, m contrast to circulatory minute vol- 
ume estimations, the measurements are more direct and do not involve 
elaborate estimations of the CO 2 dissociation curves in each patient 
as in the carbon dioxide methods All measurements were obtained 



PULSE RATE 

Fig 12 Relation between Hemoglobin Concentration (Percentage of Normal) 
AND PoLSE Rate in Patients with “Primary” Anemia and Anemia 
Secondary to Diseases other than Carcinoma 
T he solid dots refer to measurements m patients with “primary” anemia, the circles, to 
measurements in patients with anemia secondary to diseases other than carcinoma 

under basal metabolic conditions The hemoglobin concentration 
of the penpheral blood was measured by the Newcomber method 
The blood plasma volume was measured by the brilliant vital red 
method used by Thompson (135) In several patients with pernicious 
anemia observations were made when the hemoglobin concentration 
of the blood was low and later when, after treatment with liver extract 
(100), the blood findings more nearly approached normal 
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Ihirty-two complete senes of measurements were made in twenty- 
nine subjects with pernicious anemia, with secondary anemia and 
carcinoma, and with secondary anemia due to causes other than 
carcinoma (19) All patients were free from evidence of congestive 
heart failure The patients were divided into several groups accord- 
ing to the etiology of the anemia in order to learn whether the circula- 
tory adjustment differed according to the underlying pathology 
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Fig 13 Relation between the Pglse Rate akd the Velocity of Pin.iroNARy Blood 
Flow in Patients \NTin “Prisury” Anemi\ and Aneiua Secondary 
TO Diseases otoer than CApciNoiiv 

The solid dots refer to measurements m patients with ‘ pnmary*' anemia, the circles, to 
measurements m patients with anemia secondary to diseases other than carcinoma 


The circulatory adjuslmenl m patients with primary anemia and 
anemia secondary to diseases other than carcinoma To clarify the 
relation between certain important findings, the relation between 
the hemoglobin and the pulse rate (fig 12), between the pulse rate and 
the velocity of pulmonary blood flow (fig 13), and the relation between 
the velocity of pulmonary blood flow and the hemoglobin concen- 
tration of the blood (fig 14) were plotted m patients with “pnmarj ” 
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anemia and in patients with secondary anemia not due to carcinoma 
The results showed that, while there were considerable vanations, 
the velocity of blood flow through the lungs in these patients generally 
tended to increase in proportion to the degree of anemia The varia- 
tions might well have been due to small differences in the basal 
metabolic rate, some investigators havmg found normal values, others 



Fig 14 Relation between the VELoaTV of Pulmonahy Blood Flow and the 
Hemoglobin Concentration of Blood 

The solid dots refer to measuremehts in patients with “pnmary” anemia, the circles, to 
measurements in patients with anemia secondary to diseases other than caranoma 

an increase (48) Studies of the velocity of blood flow in thyro- 
toxicosis and myxedema demonstrate that the pulmonary circulation 
time may be affected by the metabolic rate (17) (18) The vanations 
may also have been due in part to the fact that different individuals 
with anemia probably rely in vaiying degree on the abstraction of a 
greater percentage of oxj’^gen from the capillary blood. 



VELOaT\ OF BLOOD FLOW IN HEALTH AND DISEASE 


41 


These alterations m the velocitj' of blood flow are in accord with 
observ'ations on the minute volume output of the heart in anemia 
Plesch (108), by an indirect method, found that the total blood flow 
was always increased roughly in proportion to the severity of the 
anemia Liljestrand and Stenstrom (82) likewise observed a nse in 
the minute volume output of the heart but believed that, in con- 
sequence of the greater oxygen utili7ation m anemia, the amount of 
increase was less than that found by Plesch The observations of 
Richards and Strauss (114) were m entire agreement with the findings 
of Liljestrand and Stenstrom (82) 

Certain investigators have inferred the general state of the circula- 
tion in anemia by studying the oxygen content of the artcnal and 
venous blood of the arm (101) (88) It is questionable, however, 
w hether results gained by the study of the blood flow through the arm 
can rightly be used as an index of the general circulatory adjustment 
of the body G N Stewart (127) was evidently of similar opinion 
He found tliat the blood flow m the arm w as diminished in anemic pa- 
tients but stated that this diminution in blood flow might be due to 
peripheral vasoconstriction allowing blood flow through other parts 
of the body to be markedly increased 

The vital capacity of the lungs in the patients studied by Blumgart, 
Gatgill and Gilhgan (19) was moderately reduced m the absence of 
any signs of congestive heart failure Some patients complained of 
weakness and fatigue but these factors, according to Peabody and 
Sturgis (106), arc not unportant in causing a reduction of the vital 
capacity of the lungs 

The mean plasma volume per kilogram of body weight was within 
the range of normal, again indicating the constancy of this charac- 
teristic of the circulation (21) The mean blood volume per kilogram 
was moderately decreased 

In a study of the response of the circulation to wide variations in 
basal metabolic rate in myxedema and thyrotoxicosis (17) (18), 
the pulse rate was observed to be more closely related to changes m 
pulmonary blood velocity than to changes in the basal metabolic rate 
Similarly, in patients with anemia, the pulse rate was more closely 
related to changes in the pulmonary circulation velocity than to varia- 
tions in the degree of anemia This is in accord w ith expectation for 
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the pulse rate and velocity of blood flow are both characteristics of 
the general circulatory adjustment and as such are more closely 
related physiologically to each other than to change in the oxygen 
carrying capacity of the blood 

During muscular exercise in normal individuals the minute volume 
output of the heart rises as a linear function of the oxygen absorption, 
but at the same time the oxygen utihzation is on the whole more com- 
plete, though the type of work may to some extent affect the relative 
degrees to which these two mechanisms are employed (39, 40) In 
thyrotoxicosis, on the other hand, the compensation is almost entirely 
arculatory for the oxygen demands of the body are usually supplied 
without diminishing the oxygen tension of the mixed venous blood 
although increased oxygen utilization takes place (81) (115) In 
anemia the greater the diminution in hemoglobin, the greater the 
extent, even at rest, to which the blood supply must be increased to 
supply adequate amounts of oxygen to the tissues Under such cir- 
cumstances, any muscular exercise places a relatively great burden 
on the cardiovascular system This doubtless is an important factor 
in the frequent presence of dyspnea in patients with severe anemia, 
such as pernicious anemia The clinical observations of Hernck 
(68), Bullrich (26), and Coombs (41) that anemic patients with angina 
pectoris may be relieved of their attacks of pain by improving the 
condition of the blood is readily understood on the basis of these con- 
siderations The heart may be involved to such a slight extent that 
it IS able to maintain an adequate blood flow provided that the ox)'-gen 
carrying capacity of the blood is normal In the presence of anemia, 
however, the increased amount of work necessary to compensate for 
the condition cannot readily be accomplished, particularly since the 
blood supply to the heart is affected in common with that of the rest 
of the body 

The circulatory adjustment to secondary anemia in patients with car- 
cinoma Patients with anemia secondary to carcinoma were studied 
as a separate group because clinical expenence suggests that the 
circulation is frequently affected adversely m this condition Symp- 
toms such as dyspnea, signs of congestive failure, peripheral edema, 
weakness and cyanosis are frequently more pronounced than one would 
expect on the basis of anemia, malnutntion or toxicity (35) The 
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findings in the group of patients studied ivere m accord with such 
clinical cApenencc The average concentration of hemoglobin vas 
practically the same in patients with carcinoma as in patients with 
pernicious anemia, but the velocity of pulmonary blood flow was only 
89 per cent of the average normal in the patients with carcinoma in 
contrast to 113 per cent in patients with pernicious anemia 
The pulmonary cnculalion time and related aspects in two patients 
with polycythemia vera Since the velocity of blood floiv was increased 
m patients with a diminished concentration of hemoglobin, it was of 
interest to learn whether the circulation would be slowed in patients 
with abnormally great concentrations of hemoglobin In contrast to 
the unusually rapid blood flow found in the former group, two patients 
ivith polycythemia vera showed definite retardation of the blood flow 
beyond the average of normal This slowing in blood flow occurred 
in spite of the tendenej' to increased basal metabolism in this condi- 
tion (6Sa) In one patient the evtent to w hich the slow'ing was related 
to the increased amount of hemoglobin cannot be accurately stated, 
for, although the patient showed no signs of congestive failure at the 
time of the test, fibrillation of the auncles was present Blumgart 
and Weiss (14) observed, however, that m the absence of signs of 
arculatory failure the blood velocity may be normal, even in the 
presence of this abnormal mechanism The slowing of the blood floiv 
in polycythemia vera corresponded in degree to the duninished minute 
volume output of the heart observed by Liljestrand and Stenstrom 
(82) The increase in blood volume is due to the increased number of 
red blood cells, the plasma volume per kilogram of body weight being 
greatly diminished below the average of normal (74) The charac- 
teristics of the blood are the reverse of those present in anemia and the 
circulatory adjustment is similarly altered 
The findings emphasize the close interrelationship between the 
respiratorj'-circulatory-metabohc system Evidence presented in a 
study of the velocity of blood flow and related aspects of the circulation 
m pulmonary emphysema suggested that the circulation was ac- 
celerated m this condition to compensate for the defect in “external 
respiration” (144) The results of the study of the velocity of blood 
flow m anemia indicate that, similarly, the circulation is accelerated 
to compensate for failure of the “internal respiration ” 
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IX THE VELOCITY OE BLOOD FLOW AND RELATED ASPECTS OF THE 
CIRCULATION IN PATIENTS WITH CARDIOVASCULAR DISEASE 

The occurrence of dyspnea and the reduction of vital capacity are 
among the first disturbances in cardiac failure and indicate early 
changes in the dynamics of the circulation of blood through the lungs 
The physiological and pathological importance of the pulmonary blood 
flow consequently has always attracted considerable interest but, until 
recently, the peculiar maccessibihty of the pulmonary vessels has 
necessitated recourse to animal experimentation for direct observa- 
tions Unfortimately such experiments reproduce but imperfectly 
and crudely conditions comparable to clinical cardiovascular disease 
In man, only indirect observations have been possible by measurements 
such as the pulmonary minute volume flow according to the pnnciple 
of Ficke Such observations demand considerable cooperation on the 
part of the patient and are xmsatisfactory m the presence of dyspnea. 

Koch (76) in 1922 injected fluorescein into the vein of one arm and, 
by observing the time of its arnval in the corresponding vein of the 
other arm, found the circulation time prolonged in patients with edema 
and other signs of myocardial failure The circulation time of patients 
in whom circulatory compensation had been reestablished was slightly 
prolonged in the majority of subjects and was within the limits of 
normal in a smaller group of individuals Koch’s results indicate only 
a general relationship between the velocity of blood flow and the 
degree of myocardial failure The limitations of the fluorescein 
method and the difficulty of estimating the exact onset of the appear- 
ance of the material have been discussed earlier m this review. 

Blumgart and Weiss (14, 15) in 1928 reported the results of sixty- 
three measurements of the arm to heart circulation time and the pul- 
monary circulation time by the radioactive method m fifty-four male 
patients with cardiovascular disease, and attempted to establish the 
relationship between the velocity of blood flow and other funda- 
mental aspects of the circulation In each patient the clinical signs 
and symptoms were noted and the pathologic physiology studied by 
measurements of the vital capacity of the lungs, of the venous pres- 
sure, and of the velocity of blood flow through the lungs and from the 
arm to the heart The measurements frequently were repeated after 
definite changes in the clinical condition had occurred 
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The patients studied were grouped according to the etiology of the 
cardiovascular disease to learn whether the sequence of events in the 
development of cardiac failure was always the same or whether it 
varied according to the etiology of the circulatory disturbance 

Palicnls with rhcumaUc heart disease 

Rheumatic infection of the heart causes its senous effects in at least 
three waj s (a) by invasion of the myocardium , (b) by deformation of 
the valves, (c) by producing conditions favorable for the occurrence 
of auricular fibrillation In order to learn the relative importance of 
these factors m affecting the velocity of blood flow through the lungs 
and the velocity of the venous blood flow to the right auricle, the 
patients with rheiunabc heart disease were grouped into three classes 
as follows (a) patients convalescent from acute rheumatic fever but 
without evidence of valvular heart damage, (i) patients with rheumatic 
valvular heart disease wath regular rhythm and (c) patients with 
rheumatic valvular heart disease with fibrillation of the auricles 
After the clinical subsidence of tlie rheumatic infection but before 
evidence of valvailar damage appears, the pulmonary blood velocity 
may be somewhat increased This finding conforms to the other 
clinical evidences of cardiac hj-peractivity sucli as forcible precordial 
pulsation, rapid ventricular rate, and flushed skin In one patient the 
myocardium was evidently severely damaged for there was slowing of 
the pulmonary blood flow This patient showed no evidence of 
valvular damage or disturbance of rhythm but had been troubled by 
increasing dyspnoea for four months and orthopnoea for three weeks 
He had a rapid ventricular rate, squeaking rhonclu over the bases of 
the lungs, and a lowered vital capaaty The pulmonary circulation 
time was definitely prolonged (twenty-four seconds), while the veloaty 
of venous blood flow to the nght auricle was within the limits of 
normal (seven seconds) 

In patients with compensated rheumatic valvular heart disease and 
regular rhythm the velocity of blood flow through the lungs was gen- 
erally normal, the venous pressure was not elevated, and the vital 
capacity of the lungs was either normal or somewhat dimmished 
When early symptoms of circulatory insufficiency, such as palpitation 
on evertion, manifested themselves, the vital capacity was reduced 
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and the velocity of blood flow was definitely retarded, but the venous 
pressure was frequently still within the limits of normal With the 
appearance of signs of congestive failure, however, the venous pressure 
became elevated and the vital capacity and the velocity of blood flow 
deviated from the normal still further 

In patients with fibrillation of the auricles m addition to the valvular 
heart damage, the slowing in the velocity of blood flow was generally 
greater (table 3) than m similar patients with regular rhythm, and it 
should be noted that practically all the subjects with auricular fibrilla- 
tion had suffered from severe circulatory decompensation and showed 
symptoms or signs of congestive failure at the time of test. The 
slowing m blood flow in these patients probably was due in large part 


TABLE 3 

Averages of findings in patients with rheumatic valvular disease compared to the normal 



REGULAR 

EHYniM 

AURICULAR i 
EIBRILLATION 

normal 

Arm to heart time, seconds 

9 

12 

6 6 

Pulmonary circulation time (crude), seconds 

12 

26 

10 8 

Venous pressure, cm water 

9 

14 

7 3 

Vital capacity per square meter, cc 

2,068 

1,704 

2,376 


All but one patient with regular rhythm were compensated All patients with aunc- 
ular fibrillation had suSered from severe circulatory decompensation and showed symp- 
toms or signs of congestive failure at the time of test 


to myocardial damage, for in other subjects m whom the myocardium 
was functionally competent the velocity of blood flow was normal, 
and no signs or symptoms of circulatory insufficiency were present in 
spite of the totally irregular rhythm 

Patients with syphilitic heart disease 

In patients with syphilitic heart disease there is a decrease in the 
velocity of blood flow through the lungs which parallels the clinical 
evidences of circulatory failure except that paroxysmal dyspnoea 
and precordial pam do not seem to be associated with quite as much 
slowing of the blood stream as observed in patients with rheumatic 
heart disease This suggests that paroxysmal breathlessness and pam 
m patients with syphilitic aortitis may be due in part to a reflex 
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mechanism or to transitory functional disproportion between tlie 
right and left chambers of the heart The arm to heart circulation 
time observed by Blumgart and Weiss in the patients witli syphilitic 
heart disease showed an average relative shortening of seven seconds 
This finding of a relatively rapid peripheral blood flow even with 
slowing m the pulmonary circulation is evidence of the late appearance 
of failure of the nght cliambers of the heart in this form of cardiac 
disease and is in harmony with general clinical experience The left 
auricle and ventricle labor under a great handicap in aortic insuffi- 
aency and seem to give way sooner than the right chambers, which in 
the earlier stages, are still capable of receiving all the venous blood 
from the periphery' and transferring it into the pulmonary vessels 
This situation contrasts with the early strain of the right ventricle 


TABLE 4 

Averages of ctrctilatory measuremenls in patients unth orlertosclerosts 


1 

mAt , 
CArAcm 

VITAL 

CArACirr, 

sqvAKe 

UETXK 1 

ruiwo 

KASY 

ClkCUtA 

tme 

(CXDPS) 

AXU TO 
SLAXT 

true 

VENOOS 

txtssme 


e< 

tt 

jetfinJt 

teeoK^s 

<m lltO 

No history of cardiac failure and no signs of 






congestive failure 

3,190 

1,946 

16 1 

6 6 

2 4 

Dyspnoea on exertion but no signs of conges 






live failure at time of test 

3,070 

1,803 

22 2 

12 2 

i 2 2 

Signsofcongestivcfailureattinicof test 

I,4S0 

861 

46 7 

24 2 

13 2 


in mitral stenosis and insufficiency Consequently peripheral stasis 
may occur in patients with mitral stenosis while the left ventricle is 
still functionally capable, whereas in patients with aortic insufficiency, 
peripheral stasis is a sign of failure of all the chambers of the heart 
This consideration of events explains why peripheral stasis occurs so 
late in aortic insuffiaency and why its occurrence is of such grave 
prognostic import 

Patients with artenosclcrosts and myocardial degeneration 
In patients with artenosclerosis measurements of the pulmonary 
circulatton tune and vital capacity show departures from normal values 
that generally parallel the dmical symptoms and signs, although this 
relation does not necessanly hold in each instance (Table 4 ) 
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Pahents imth arterial hypertension 

The velocity of blood flow in patients with arterial hypertension but 
without circulatory failure is either normal or shghtly slowed, while 
with the appearance of congestive failure a retardation in the pul- 
monary and peripheral blood flow occurs which is similar to that 
observed in patients with a correspondmg degree of circulatory failure 
but with a normal arterial blood pressure The slowing in blood flow 
in the absence of signs or symptoms of circulatory failure in some pa- 
tients may be related toback pressure effects of arterial hypertension on 
the pressure within the pulmonary vessels There is experimental evi- 
dence for this idea Cloetta and Staubh (34) found that compression 
of the thoracic aorta always caused an increased lung volume, and 
Straub (130) and also Gerhardt (59) likewise observed that increased 
artenal pressure m the greater circulation produced an increase in the 
volume of the lesser circulation Such an mcrease in the amount of 
blood in the lungs would lead to increased cross sectional diameter of 
the stream of blood flowmg through the lungs Slowing m blood 
flow with prolongation of the pulmonary circulation time would then 
occur since the velocity of flow is inversely proportional to the cross 
sectional diameter of a stream Observations by Weam, Barr and 
German (143) are in accord with this hypothesis, for they observed 
in animals that slight compression of the abdominal aorta caused 
considerable dilatation of alveolar capillaries 
In no patient with hypertension was an abnormally rapid velocity 
of blood flow observed This observation suggests that the funda- 
mental disturbance in artenal hypertension is increased penpheral 
resistance rather than cardiac hyperactivity 

X THE GENERAL RELATION BETWrEEN THE VELOCITY OE BLOOD BLOW, 
THE VENOUS PRESSURE AND THE VITAL CAPACITY OE THE LUNGS IN 
PATIENTS WITH CARDIOVASCULAR DISEASE COMPARED WITH 
SIMILAR MEASUREMENTS IN NORMAL PERSONS 

In the followmg general statistical treatment of the data obtained 
in the vanous studies by Blumgart and Weiss (15),' an attempt will 
be made to learn the extent and frequency of changes m the velocity 
of blood flow, the venous pressure, and the vital capacity of the lungs 
in all subjects with cardiovascular disease compared with similar 
measurements m normal persons 
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Changes in the venous pressure, in the velocity of blood flow, and 
in the vital capaatj of tlie lungs can be compared with eacli other only 
if obtained in the same subjects Such companson would almost cer- 
tainly be erroneous, if, for example, variations of venous pressures 
of some patients with cardiovascular disease were compared wath 
variations of the vital capacities of other patients with cardiovascular 
disease, for it would be impossible to be certain that such different 
groups showed exactly the same degree of cardiovascular damage 
Consequently, only those patients arc included here in whom all three 
measurements were obtained Duplicate measurements in the same 
subject have been excluded in order not to weight some of the results 
unduly 

Since measurements of the velocity of blood flow, of the venous 
pressure, and of the vital capacity of the lungs are expressed in such 
dissimilar units as seconds, centimeters of W'ater, and cubic centi- 
meters of air per square meter of body surface, since the order of 
* magnitude of the measurements differs widely, and since, moreover, 
the vital capacity diminishes, the venous pressure rises, and the 
pulmonary circulation time and the arm to heart time becomes greater 
m circulatory insufliciency, comparison of such unlike quantities is 
difficult All measurements have, therefore, been reduced to a 
common basis by expressing them in terms of percentage variation 
from their normal average In all diagrams (see fig 15) the measure- 
ments have been classified m 10 per cent groups The shaded columns, 
for example, between -}-S and —5 indicate the number of subjects in 
whom the measurements were found to be within the limits of -}-S 
and —5 per cent of the average of the entire normal group Vital 
capacity measurements were first expressed in the number of cubic 
centimeters per square meter of bod> surface The percentage of the 
normal average was then calculated If, for example, the vital 
capacity of a given individual was 1782 cc per square meter of body 
surface, and the normal average 2376 cc per square meter of body 
surface, the vital capaaty observed would be 75 per cent of the normal, 
or, as we have charted it, a percentage deviation from the normal of 
— 2o per cent Similarly, the actual venous pressure has been calcu- 
lated in terms of percentage of the average normal and the variation of 
this percentage from the normal charted 



50 


HERimAN L BLUMGART 


Expression of the pulmonary circulation time and of the arm to heart 
time m terms of actual velocity presented a somewhat different 
problem The “circulation time” denotes the time necessary for a 
substance to travel between two arbitrarily fixed points, the longer the 
time necessary, the slower is the speed of the substance To express 
this inverse relation between circulation tune and velocity it was 
necessary to divide the average normal pulmonary circulation tune 
by the one observed in order to secure an estimate of the speed in terms 
of the normal percentage The normal average pulmonary circulation 
tune IS eleven seconds, and if, for example, the observed tune in a 
patient with cardiovascular disease were twenty-two seconds, the 
doubling of the circulation time denotes a slowing of the blood stream 
to one-half the normal average veloaty A circulation tune of twenty- 
two seconds would therefore be charted as —50 per cent The data 
relating to the arm to heart tunes have been similarly treated 

In these diagrams the normal measurements are those obtained in 
fifty subjects studied, and the data in patients with cardiovascular 
disease are those presented in communications of Blumgart and Weiss 
(9, 10, 11, 13, 14) The group of patients with cardiovascular disease 
includes those whose circulation was compensated, as well as those 
whose circulation was insufficient 

The fiequency distribution of the pulmonary circulation time The 
diagram (fig 15) shows the degree and frequency of variations m the 
pulmonary circulation tunes in fifty patients with cardiovascular 
disease compared with the findings in fifty normal persons A fre- 
quency distnbution diagram such as the one presented is of value in 
showing the degree and incidence of variations in the velocity of blood 
flow in cardiovascular disease compared to the normal For purposes 
of diagnosis, the ideal test would be one according to which all results 
in diseased states differed from any found in normal subjects The 
degree to which a test approaches this ideal is one measure of its diag- 
nostic importance It is consequently of interest that of the fifty 
patients with cardiovascular disease, twenty showed more marked 
diminution in the velocity of pulmonary blood flow than that found 
in any single normal subject of this series 




The frequency dtslrtbulion of the vital capacity of the lungs (per square 
meter of body surface) The pcrcentige vanation in the normal sub- 
jects and in patients wth cardiovascular disease has been charted 
(fig 16) In the normal subjects the range of the vital capacity 
vanatjoo is Jess than that of the pulmonaiy circulation time, but it 
should be noted that in the cardiovascular patients likewise there is a 
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Similar relation, the deviation from the normal average pulmonary 
circulation time is correspondingly less striking Although twenty 
cardiac patients showed more marked diminution in the velocity of 
pulmonary blood flow than that found m the lowest normal subject 
(fig 15), only fifteen patients showed more marked diminution in the 
vital capacity than the lowest normal 
The frequency distnhuUon of the arm to heart times The diagram 
(fig 17) shows the degree and frequency of variation in the arm to 
heart times in fifty patients with cardiovascular disease compared with 
the findings in fifty normal persons In contrast to the measurements 
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Fig 17 Comparison of Arm to Heart Times of Fifty Cardiac and of Fifty Normal 

Subjects 

of the vital capacity and of the pulmonary circulation times, the 
normal arm to heart times show a much greater variation (fig 17) 
While the normal vital capacities of the lungs per square meter varied 
over a range of 70 per cent and the pulmonary circulation times, with 
one exception, over 120 per cent, the arm to heart times of normal 
persons varied over a range of 180 per cent Not only is the spontane- 
ous variation of the arm to heart time m normal subjects great, but 
the vanation m cardiovascular subjects is practically identical except 
that the incidence of the increased tunes (diminished velocity) is some- 
what greater in cardiovascular disease This finding of such great 
difference in the normal arm to heart time is m harmony with the- 
studies of G N Stewart (127) and Hewlett and Van Zwaluwenburg 
(69) who observed that the volume flow of the arm varied considerably 
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The frequency distnbuUon of the venous pressure Inspection of the 
diart (fig 1 8) w hich compares the venous pressures of the fifty patients 
Mith cardio\ascular disease with tlie venous pressures in normal 
persons shows that in botli groups of subjects the variability is far 
greater than that shown by the other measurements The venous 
pressure in cardiovascular disease vaned over a range of some 360 
per cent, in normal subjects over some 300 per cent Of the fifty 
normal subjects, thirty showed a venous pressure below the average, 
twenty, a venous pressure above the average In cardiovascular 



Fig 18 Compuuson of Venous Pressores of Pifty Cardiac and Fifty Normal 

SODJECTS 

disease twelve measurements were below the average, thirty-eight 
above the average Analysis of these findings confirms the general 
impression that congestive failure is attended by a significant rise in 
venous pressure, but that this rise cannot be interpreted as diagnostic 
because of the great vanabihty shown by normal persons 
The relation of the crude pulmonary ctrculation time to the vital capacity 
of the lungs in normal persons and in patients with cardiovascular disease 
The frequency distribution of the vital capacity and of the crude 
pulmonary circulation time discussed above does not indicate whether 
those individuals who showed a lower vital capacity also tended to 
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show a pulmonary circulation tune greater than the average normal 
(decreased velocity) To study the relationship between the pulmo- 
nary circulation time and the vital capacity of the lungs more clearly, 
a diagram (fig 19) has been constructed The chart is divided into 
four parts by a vertical and a horizontal line The horizontal line 
represents the average normal pulmonary circulation time The 
vertical line represents the average normal vital capacity found in 
fifty normal persons Group 1 consists of individuals in each of 
whom a short pulmonary circulation tune was associated with an 
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Fig 19 The Relation of the Venous Peessure to the Crude Pulmonary Circu- 
lation Time and to the Vital Capacity of the Lungs 

increased vital capaaty, group 2, of persons in each of whom a 
short pulmonary circulation time was associated with a lowered 
vital capacity, group 3, of persons in whom a prolonged pulmo- 
nary circulation time (decreased velocity) was associated with an 
increased vital capacity, and group 4, of persons m whom a pro- 
longed pulmonary circulation tmie was associated with a dimmished 
vital capacity The normal subjects of each group are included in 
the smaller squares, the subjects with cardiovascular disease, in the 
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larger squares The normal subjects are distributed fairly evenly into 
the four groups so that the probability of a given normal individual 
being in any one group is about equal Quite the reverse is true of 
patients with cardiovascular disease They show a striking tendency 
to be in group 4 (prolonged pulmonary arculation tune and decreased 
vital capaaty) 

According to the results shown in figure 19, the probability of a 
given individual with a low vital capacity (groups 2 and 4) having 
cardiovascular disease could be expressed by 

Group 2 carJ iQMiscuHr pim Group 4 cardioviscular 45 
Group 2 normal plus Group 4 normal ’ 21 

That IS to say, roughly, tlie probability, regardless of the pulmonary 
arculation time, nould be two to one Similarly if Uic pulmonary 
circulation time were prolonged (groups 3 and 4), indicating a slower 
veloaty of puhnonarj’ blood flow, the probability of the subject having 
cardiovascular disease regardless of the vital capaaty of the lungs 

would be or again, roughly two to one If, however, both tests 

were performed and the pulmonary circulation time wore found pro- 
longed and the vital capacity diminished (group 4), the probability 
of the subject having cardiovascular disease would be expressed by 

Group 4 cardiovascular 40 , , 

; or -- 01 approximalcly four to one 

Group 4 normal 9 

These considerations arc important since they indicate that, in con- 
trast to the arm to arm circulation time, the pulmonary circulation 
tune IS prolonged at the same time that the vital capacity of the lungs 
becomes lowered 

Statistical study of data, such as is presented here, is important in 
physiological study of the dynamics of the circulation, for it throws 
considerable light on the general relation between the velocity of blood 
flow, the vital capacity of the lungs and the venous pressure under 
both normal and pathological conditions In an individual mstance 
these considerations are of limited interest It is not for a moment 
proposed that such formulae should be used in the diagnosis and prog- 
nosis of circulatory disease These will, in fact, usually depend on the 
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physical examination and history On the other hand, the general 
knowledge of the velocity of the penpheral and pulmonary blood flow 
in different types of cardiovascular disease is of considerable value 
both physiologically and clinically In certain obscure cases the 
electrocardiograph and the vital capacity of the lungs give useful 
information and it is felt that the measurement of the velocity of 
blood flow similarly may be of value since it affords a more direct 
measurement of the cardiac and vascular response in appropriate 
pathological conditions 

XI. THE RELATION BETWEEN RETARDATION IN THE VELOCITY OE BLOOD 
BLOW AND THE APBEARANCE OP DYSPNOEA 

Clinical observations have shown that m patients with heart disease 
the velocity of pulmonary blood flow and the vital capacity of the 
lungs IS less than normal, and that the decrease is definitely related 
to the degree of circulatory failure Peabody (105) has shown that 
the decrease in the vital capacity bears a close relation to the develop- 
ment of dyspnoea, and statistical analysis of the available data of 
Blumgart and Weiss (15) indicates that the decrease m the vital capac- 
ity and the slowing m blood flow occur at about the same time in the 
development of circulatory insufficiency and definitely precede the 
nse in peripheral venous pressure The suggestion has been made 
that the reduction in the vital capacity may be related to an mcrease 
of pressure in the pulmonary circulation with engorgement of the alve- 
olar capillaries of the lungs (124) As a result of observations on cats, 
m which the pulmonary veins were obstructed. Drinker, Peabody 
and Blumgart (47) stated that it is apparent that the lungs act as a 
slightly elastic sponge and are able to take up a vast amount of blood 
without significant pressure change As the alveoli are extremely 
vascular such a condition might produce a stiffenmg or “Lungenstarr- 
heitj’Tnthesenseof von Basch (141), which would interfere with their 
easy expansion and collapse m respiration Sunilarly, the moderately 
prolonged pulmonary circulation tune frequently found in patients 
with dyspnoea but without physical signs of congestive failure (14) 
suggests that increased filling of the pulmonary vessels with an 
increase in the functional cross section of the flowing stream occurs 
very early m circulatory insufficiency Measurements of the minute 
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volume output of Uie heart arc in accord rvith this concept (2, 86, 

87 , 93 ) 

A study of the anatomical and physiological characteristics of the 
veins affords an explanation of nhy the vital capacity is reduced and 
the velocity of blood flow is lessened before a rise in venous pressure 
occurs The walls of the veins contain but httle muscular tissue and 
may be considered as easily collapsible, but inelastic, tubes They are 
freely distensible, therefore, until the lunit of their capacity is reached 
and only w hen this lunit is reached are they resistant to further stretch- 
ing During the stage of increasing venous filling m myocardial 
failure added amounts of blood result in very small increases in venous 
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pressure Once, however, the vessels are filled with blood to the limit 
of their capacity, these relatively inelastic tubes can expand no further 
and any additional amounts of blood flowing into the veins will then 
result m a conspicuous nse in pressure This is graphically illustrated 
by figure 20 

These facts indicate that a stage of engorgement precedes an increase 
of pressure in the veins and only after the veins have become filled to 
the limit of their capacity do additional amounts of blood cause a rise 
in pressure In normal resting persons the veins are not filled to their 
full capacity and so they are partially collapsed Their cross sec- 
tional area is, therefore, smaller than when they are fully distended 
Since the velocity of flow is inversely proportional to the cross sec- 
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physical examination and history On the other hand, the general 
knowledge of the velocity of the penpheral and pulmonary blood flow 
in different types of cardiovascular disease is of considerable value 
both physiologically and clinically In certain obscure cases the 
electrocardiograph and the vital capacity of the lungs give useful 
information and it is felt that the measurement of the velocity of 
blood flow similarly may be of value since it affords a more direct 
measurement of the cardiac and vascular response m appropriate 
pathological conditions 

XI THE RELATION BETWEEN RETARDATION IN THE VELOCITY OE BLOOD 
BLOW AND THE APPEARANCE OE DYSPNOEA 

Clinical observations have shown that in patients with heart disease 
the velocity of pulmonary blood flow and the vital capacity of the 
lungs IS less than normal, and that the decrease is definitely related 
to the degree of circulatory failure Peabody (105) has shown that 
the decrease in the vital capacity bears a close relation to the develop- 
ment of dyspnoea, and statistical analysis of the available data of 
Blumgart and Weiss (15) indicates that the decrease in the vital capac- 
ity and the slowing in blood flow occur at about the same time in the 
development of circulatory insufficiency and definitely precede the 
nse in peripheral venous pressure The suggestion has been made 
that the reduction in the vital capacity may be related to an increase 
of pressure in the pulmonary circulation with engorgement of the alve- 
olar capillaries of the lungs (124) As a result of observations on cats, 
m which the pulmonary veins were obstructed, Drinker, Peabody 
and Blumgart (47) stated that it is apparent that the lungs act as a 
shghtly elastic sponge and are able to take up a vast amount of blood 
without significant pressure change As the alveoli are extremely 
vascular such a condition might produce a stiffenmg or “Lungenstarr- 
heit,’Tn the sense of von Basch (141), which would interfere with their 
easy expansion and collapse in respiration Similarly, the moderately 
prolonged pulmonary circulation time frequently found in patients 
with dyspnoea but without physical signs of congestive failure (14) 
suggests that increased filling of the pulmonary vessels with an 
increase in the functional cross section of the flowing stream occurs 
very early in circulator}’- insufficiency Measurements of the minute 
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volume output of the heart arc in accord with this concept (2, 86, 
87 , 93 ) 

A study of the anatomical and physiological diaractenstics of the 
veins affords an explanation of why the vital capacity is reduced and 
the veloaty of blood flow is lessened before a nsc in venous pressure 
occurs The walls of the veins contain but little muscular tissue and 
may be considered as easily collapsible, but inelastic, tubes They are 
fredy distensible, therefore, until the limit of their capacity is reached 
and only w hen this limit is reached are tliey resistant to furtlier strctdi- 
mg During the stage of increasing venous filling in myocardial 
failure added amounts of blood result in very small increases in venous 
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pressure Once, however, the vessels are filled with blood to the limit 
of their capacity, these relatively inelastic tubes can expand no further 
and any additional amounts of blood flowing into the veins will then 
result in a conspicuous nse in pressure This is graphically illustrated 
by figure 20 


These facts indicate that a stage of engorgement precedes an increase 
of pressure in the veins and only after the veins have become filled to 
the limit of their capacity do additional amounts of blood cause a rise 
in pressure In normal resting persons the veins are not filled to that 
full capacity and so they are partially collapsed Their cross sec 
tional area is, therefore, smaller than when they are fully distended 
Since the velocity of flow is inversely proportional to tfa^e cross sec 
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tional area, a slowing of the velocity of venous blood flow would occur 
when the veins are fully distended, provided that the increase in the 
cross sectional area of the blood stream were not counterbalanced by 
an increase in. the pressure gradient within the vessels Starling 
showed that the latter possibility is unlikely, and the observations of 
Blumgart and Weiss (9, 10, 11, 14) are opposed to such a consideration 
The slowing of the blood flow in the veins during the period of increased 
venous engorgement might, therefore, be expected to precede, as in 
fact it does precede, the occurrence of increased venous pressure 

Similar events occur, in all probability, in the lungs With engorge- 
ment and distention of the pulmonary vessels (46), increase in the 
total cross sectional area of the blood stream through the lungs may 
well take place This would explain why slowing in the pulmonary 
velocity of blood flow has been observed to occur so early m circulatory 
failure, even before the clinical signs of congestive failure appear. 

Climcal experience and velocity of blood flow measurements con- 
tnbute several facts which are m harmony with the theory that the 
interference with the ventilation of the lungs which manifests itself 
by a decreased vital capacity, and the slowing in pulmonary blood 
flow which shows itself by a prolonged pulmonary circulation tune, 
are due to chronically increased filling of the pulmonary veins and 
capillaries In accordance with these considerations mitral stenosis 
IS characterized by an early onset of the tendency to dyspnoea and 
an associated low vital capacity In aortic insufiiciency, on the other 
hand, the tendency to dyspnoea occurs relatively late and the vital 
capacity remains high until a relative mitral insufficiency develops 
and the pulmonary circulation is affected 

xn RELATION BETWEEN THE VELOCITY OF BLOOD FLOW FROM THE ARM 
TO THE HEART AND THE AFFEARANCE OF FERIFHERAL EDEMA 

It IS worthy of note that in some patients, even with slowing of the 
blood flow through the lungs and with reduction in the vital capacity, 
the penpheral venous blood flow may be well within the limits of 
normal accordmg to the measurements by Blumgart and Weiss (14) 
of the venous pressure and the velocity of the venous blood from the 
right antecubital vein to the right auricle Excepting one patient 
who had suffered congestive failure shortly previous to his tests, and 
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another patient ivho had slight pitting edema on the dav of the test, 
the arm to heart tunes of the patients «ith syphilitic heart disease 
aieragtd 6 5 seconds (average nonnal, 6 0 seconds), vhilc the pul- 
monary circulation times averaged 17 0 seconds (average normal, 10 8 
seconds) These findings contrast with the observations in patients 
mth mitral stenosis in whom slowing of the pcnpheral blood flow 
occurred earlier The absence of pcnpheral edema associated witli 
nonnal arm to heart times suggests that the difference between so- 
called "dry heart failure” and "congcsliv e heart failure” may be due 
to dilTerences in the v elocitv of the pcnpheral blood stream 

The relation between the appearance of edema and tlic slowing of 
the pcnpheral blood stream indicated by' the arm to heart time is 
again stnkingly evident in tlic measurements in patients with arteno- 
sclerosis and myocardial degeneration (11) The patients without 
edema had an arm to heart time of 15 seconds or less, while those 
with edema showed an arm to heart time of 18 seconds or more The 
relation between the arm to heart time and the appearance of edema 
IS only a general one since the arm to heart time is an indc.t of the 
veloatv of blood flow of the arm, whereas edema usually appears first 
elsewhere The appearance of edema probably'doesnot coincide quan- 
titatively with a definite degree of slowing in the blood stream for it is 
also dependent on physico chemical changes which arc influenced by 
many other factors 

Wn RELATION DETWXEN DECREASE IN BLOOD FLOW AND THE 
ORTHOPNEA or CONGESTIVE III ART FAILURE 

Observations demonstrate that with a nse in the cerebral venous 
pressure, the intracranial blood flow tends to dimmish, therebv favor- 
ing increased anoxemia of the respiratory center Hill (71) stated that 
nny increase m general venous pressure caused a slowing of cerebral 
Wood flow In anunals (42, 152) (153), a definite slowing of the 
weloaty of intracranial blood flow has been obscrv ed following eleva- 
fion in the intracranial venous blood pressure Influenced by' these 
Wets, Emstene and Blumgart (51) therefore proposed a theory of 
orthopnea according to which the orthopncic ]»silion henclits the 
patient with congestive circulatory' failure because it secures a maxi- 
mum blood flow about the respiratory center and then by relieves tee 
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patient from the distress due to partial asphyxia in that area The 
mechanism of this was conceived to be as follows Physiological 
investigations (3) indicate that the blood flow in the capillaries is 
dependent on the pressure gradient in these vessels The greater the 
difference in pressure along the capillary the greater the blood flow 
An elevation of the venous pressure, therefore, diminishes capillary 
blood flow in the absence of any stnkmg increase in arteriolar blood 
pressure Other factors remaining equal, increased venous pressure 
leads to stagnation of blood in the capillanes and so produces stagna- 
tion anoxemia 

The orthopneic position would relieve the increased pressure within 
the veins about the respiratory center in the following manner There 
are no efficient valves in the vems between the cerebral capillaries and 
the nght auncle (71) If a patient with uncomplicated cardiovascular 
failure and a venous pressure at the right auricle equivalent to 15 cm 
of water lay flat in bed, there would be a corresponding pressure of 
15 cm of water in the veins about the respiratory center This would 
result in diminished blood flow in the capillaries and stagnation 
anoxemia in this region If, however the patient sat up, so that the 
respiratory center would be 15 cm above the right auricle, the pressure 
in the veins about the center would be zero The velocity and volume 
of blood flow through the vessels leading to these vems would thereby 
be increased, the respiratory center would receive more adequate 
supply of blood, and the subjective respiratory distress would be 
relieved 

This concept of the pathologic physiology of orthopnea was sup- 
ported by the results of the study of twenty-two patients with uncom- 
plicated myocardial failure of the congestive type Direct measure- 
ment of the velocity of intracramal blood flow in man is not feasible 
so indirect evidence was obtained by measuring the venous pressure 
and the degree of orthopnea (51) A parallelism between the degree 
of orthopnea and the average amount of elevation in the venous pres- 
sure was observed in the course of eighty-two measurements in these 
patients Simple elevation of the head by flexion of it on the thorax 
when the patient was flat in bed also produced a conspicuous diminu- 
tion of respiratory distress in all but one instance 

In addition to the evidence presented, certain clinical phenomena 
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and the following observations of other investigators support the 
venous pressure theory of orthopnea Wolff and Blumgart (152) 
obsened in animals that a definite slowing of the veloaty of intra- 
cranial blood flow resulted from elevation of the intracranial cerebro- 
spinal fluid pressure A rise in cerebrospinal fluid pressure is accom- 
panied by an increase in cerebral venous pressure because the skull is a 
closed cavity without elasticity The pressures of tlie cerebrospinal 
fluid and venous blood must closely approach cacli other It there- 
fore may be assumed that Wolff and Blumgart would have observed 
the same slowing of velocity of blood flow if the cerebral venous pres- 
sure had been raised directly instead of indirectly by increasing the 
intracranial pressure This work therefore demonstrates the validity 
of the basic assumption of the venous pressure theory of orthopnea, 
namely, that an increased general and cerebral venous pressure dimin- 
ishes the cerebral capillary blood flow 
Salathe (120) applied a tambour to the fontanel of an infant 6 weeks 
old and observed that on his placing the child in a vertical position 
with the feet down the intracranial pressure fell, and that on his turn- 
ing the child to a posture wnth the feet up the pressure rose Brissaud 
and Franck (25) observed the same changes of pressure in a patient 
in whom a large portion of the skull Ind been removed Hill (70) 
found that the intracranial pressure of a patient who had been tre- 
phined was negative while the man sat upright, but became positive 
as soon as the head w’as bent doivn toward the knees or on any expira- 
tory effort All these observations indicate that in man intracranial 
pressure and therefore cerebral venous pressure is diminished by 
changing from the recumbent to the sitting position 
It IS w ell recognized that, in patients with myocardial failure, cyano- 
sis of the face and lips increases m the recumbent position or may 
appear only m that position (89) (6) It is probable that this cyanosis 
IS due in large part to retarded capillary blood flow and stagnation 
anoxemia Since such alterations occur m tlie superfiaal capillanes 
in the recumbent position, it is reasonable to suppose that comparable 
changes take place sunultaneously in the capillaries about the respira- 
tory center In both locations, the decreased capillary blood flow 
undoubtedly results from the local increase in venous pressure in the 
recumbent position This together with the observed correlation 
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patient from the distress due to partial asphyxia in that area The 
mechanism of this was conceived to be as follows Physiological 
investigations (3) indicate that the blood flow in the capillaries is 
dependent on the pressure gradient in these vessels The greater the 
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of orthopnea and the average amount of elevation in the venous pres- 
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and the following observations of other investigators support the 
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obsLH'ed in animals that a definite slowing of the velocitj' of intra- 
cranial blood flow resulted from elevation of the intracranial cerebro- 
spinal fluid pressure A rise in cerebrospinal fluid pressure is accom- 
panied by an increase in cerebral venous pressure because the skull is a 
closed cavitj without elasticity The pressures of the cerebrospinal 
fluid and venous blood must closely approach each other It there- 
fore may be assumed that Wolff and Blumgart would have observed 
the same slowing of velocity of blood flow if the cerebral venous pres- 
sure had been raised directlj instead of indirectly by increasing the 
intracranial pressure 1 his work therefore demonstrates the validity 
of the basic assumption of the venous pressure theory of ortliopnea, 
namely, that an increased general and cerebral venous pressure dunin- 
ishes the cerebral capillary blood flow 
Salatlie (120) applied a tambour to the fontanel of an infant 6 weeks 
old and observed that on his ptaang the child in a vertical position 
with the feet down the intracranial pressure fell, and that on his turn- 
ing the child to a posture with the feet up the pressure rose Brissaud 
and Franck (25) observed the same changes of pressure m a patient 
in whom a large portion of tlie skull had been removed Hill (70) 
found that the intracranial pressure of a patient who had been tre- 
phined was negative while tlie man sit upright, but became positive 
as soon as the head was bent down toward the knees or on any expira- 
tory effort All these observations indicate that in man intracranial 
pressure and therefore cerebral venous pressure is diminished by 
changing from the recumbent to the sitting position 
It IS well recognized that, in patients with myocardial failure, cyano- 
sis of the face and lips increases in the recumbent position or may 
appear only in tliat position (89) (6) It is probable that this cyanosis 
is due in large part to retarded capillary blood flow and stagnation 
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in the recumbent position, it is reasonable to suppose that comparable 
changes take place simultaneously m the capillaries about the respira- 
tory center In both locations, the decreased capillary blood flow 
undoubtedly results from the local increase in venous pressure in the 
recumbent position This together with the observed correlation 
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between the height of venous pressure and the degree of orthopnea 
suggests that in patients mth myocardial failure the elevated position 
provides relief mainly by releasing the respiratory center from the 
effects of increased venous pressure, and so secures maximal blood flow 
in that region The correlation between the height of venous pressure 
and the degree of orthopnea suggests further that these patients at 
all times tend to maintain an elevation which is sufficient to keep the 
respiratory center above the meniscus of the column of venous blood 
extending upward from the nght auricle In this way, the flow of 
blood in the capillaries in the region of the respiratory center is kept 
as normal as possible with the existing myocardial failure 

It IS a common clinical observation that in patients with congestive 
failure the jugular veins are engorged as high as the angle of the jaw 
in the recumbent position, but when the upright posture is assumed 
the column of blood is visible for only a short distance above the 
clavicle Similar changes occur when the head is flexed on the thorax 
in the recumbent position This indicates that any elevation of the 
head reduces the cerebral venous pressure and therefore the venous 
pressure about the respiratory center This observation and the relief 
experienced in the recumbent position when the head is elevated 
strongly support the venous pressure theory of orthopnea Of all the 
theories of orthopnea, only the venous pressure theory and Sahli’s 
(119) hypothesis of the effect of gravity on cerebral venous congestion 
can explain the relief experienced by the patient on flexing the head on 
the thorax As the position of the thorax and abdomen is unchanged 
when the head is elevated, the increased comfort cannot be due to an 
alteration in the amount of blood m the lungs Similarly, the relief 
cannot be attributed to increased efficiency of the abdominal and 
thoracic accessory muscles of respiration, to changes in reserve air, 
middle capacity or vital capacity of the lungs, or to alterations in 
lung expansion 

It may be contended that accordmg to the hypothesis of Ernstene 
and Blumgart (51) a normal person should suffer from intense dyspnea 
due to increased venous pressure when the head is held lower than the 
rest of the body The work of Wolff and Blumgart (152) indicates, 
however, that, in such subjects, the increased venous pressure is 
balanced by either an increased artenal pressure or artenolar dilata- 
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tion In either case, the normal pressure gradient in the capillaries 
would be maintained In patients with circulatorj failure, however, 
vasodilatation is alreadv present, and an increase in arterial pressure 
in all probability does not take place because the heart is affected 
The cjanosis of the face observed in normal persons when the head is 
held lower than the rest of the bod> may well be related to the type 
of cjanosis observed by Goldsclimidt and Light (60) in which no 
change in the venous ox>gcn unsaturation took place 

The c\ndcnce accumulated by Ernstene and Blumgart from their 
own observations and from the investigations of others (153) is in 
accord wnth the venous pressure theor> of orthopnea It should be 
recognized, how ever, that some of the factors considered as of primary 
importance by other investigators undoubtedly contribute to the 
relief evperienccd in the sitting position The more complete o'cj gena- 
tion of thebloodmthclungsintheuprightas compared with the recum- 
bent posture (62) (56) presumablyaidsin securing the relief CTtpenenced 
by the patient in the former position Furthermore, in those patients 
who show an important increase in vital capacity of the lungs on chang- 
ing from the recumbent to tlie sitting posture (31), this increase may 
be responsible, in part, for the comfort obtained In patients ivith 
ascites (119), the upright position undoubtedly affords relief partly 
because this position facilitates diaphragmatic movements It is 
believed, how ever, that in all patients with congestive heart failure and 
inereased venous pressure, the relatively low cerebral venous pressure 
obtained in the sitting position is the primary factor in reducing the 
respiratory discomfort 

XIV THE EFFECT OF DIGIT VLIS ON THE VELOCITY OF BLOOD FLOW 
THROUGH THE LUNGS 

The nature of the action of digitalis has been extensively studied in 
an attempt to establish more accurately the precise advantages and 
limitations of the drug The problem has been complicated by the 
assumption, expressed or implied, that the results and inferences of 
experiments on normal dogs directly indicate the clinical action of 
digitalis on the abnormal heart of man (64) The folloiving discussion 
will consequently be limited to the results of observations on man 
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between the height of venous pressure and the degree of orthopnea 
suggests that in patients with myocardial failure the elevated position 
provides relief mainly by releasing the respiratory center from the 
effects of increased venous pressure, and so secures maximal blood flow 
m that region The correlation between the height of venous pressure 
and the degree of orthopnea suggests further that these patients at 
all times tend to mamtain an elevation which is suflacient to keep the 
respiratory center above the meniscus of the column of venous blood 
extending upward from the right auricle In this way, the flow of 
blood in the capillaries in the region of the respiratory center is kept 
as normal as possible with the existing myocardial failure 

It IS a common clinical observation that in patients with congestive 
failure the jugular veins are engorged as high as the angle of the jaw 
in the recumbent position, but when the upright posture is assumed 
the column of blood is visible for only a short distance above the 
clavicle Similar changes occur when the head is flexed on the thorax 
in the recumbent position This indicates that any elevation of the 
head reduces the cerebral venous pressure and therefore the venous 
pressure about the respiratory center This observation and the relief 
experienced in the recumbent position when the head is elevated 
strongly support the venous pressure theory of orthopnea Of all the 
theories of orthopnea, only the venous pressure theory and Sahli’s 
(119) hypothesis of the effect of gravity on cerebral venous congestion 
can explain the relief experienced by the patient on flexing the head on 
the thorax As the position of the thorax and abdomen is unchanged 
when the head is elevated, the increased comfort cannot be due to an 
alteration in the amount of blood in the lungs Similarly, the relief 
cannot be attnbuted to increased efficiency of the abdominal and 
thoracic accessory muscles of respiration, to changes in reserve air, 
middle capacity or vital capacity of the lungs, or to alterations in 
lung expansion 

It may be contended that according to the hypothesis of Ernstene 
and Blumgart (51) a normal person should suffer from intense dyspnea 
due to increased venous pressure when the head is held lower than the 
rest of the body The work of Wolff and Blumgart (152) indicates, 
however, that, m such subjects, the increased venous pressure is 
balanced by either an increased artenal pressure or artenolar dilata- 
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tion In cither case, the norma! pressure gradient in the capillaries 
would be maintained In patients with circuIator> failure, however, 
vasodilatation is alreadj present, and an increase in arterial pressure 
in all probability does not take place because the heart is affected 
The c} anosis of the face obscrv’cd in normal persons when the head is 
held lower than the rest of the body may well be related to tlie type 
of c) anosis obsen'ed bj Goldsclmiidt and Light (60) in which no 
change \w. the venous ovygcti. unsatutation took place 

The evidence accumulated bj Ernstene and Blumgart from their 
own observations and from the investigations of others (153) is in 
accord with the venous pressure theorj of orthopnea It should be 
recognized, however, that some of the factors considered as of primary 
importance by other investigators undoubtcdl}' contribute to the 
relief experienced in the sitting position The more complete oxygena- 
tion of thebloodintlielungsintheupriglitas compared with the recum- 
bent posture (62) (56) prcsumablyaidsinsecunngthcrcliefcxpcnenced 
by the patient in the former position Furthermore, in those patients 
who show an important increase in vital capacity of the lungs on chang- 
ing from the recumbent to the sitting posture (31), this increase may 
be responsible, m part, for the comfort obtained In patients with 
ascites (119), the upright position undoubtedly affords relief partly 
because this position facilitates diaphragmatic movements It is 
believed, how ev cr, that in all patients with congestive heart failure and 
increased venous pressure, the relatively low cerebral venous pressure 
obtained m the sitting position is the primary factor in reducing the 
respiratory discomfort 

XIV THE EFFECT OF DIGITALIS ON THE VELOCITY OF BLOOD FLOW 
THROUGH THE LUNGS 

The nature of the action of digitalis has been extensively studied in 
an attempt to establish more accurately the precise advantages and 
limitations o! the drug The problem has been complicated by the 
assumption, expressed or implied, that the results and inferences of 
experiments on normal dogs directly indicate the clinical action of 
digitalis on the abnormal heart of man (64) The following discussion 
wall consequently be limited to the results of observations on man 
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In studying the action of digitalis in man, observers have measured 
changes in certain fundamental characteristics of the circulation both 
before and after administration of the drug (38, 36, 27) The per- 
tinent question has been put, “Shall beneficial action depend on the a 
prion assumption that it can be recognized and can be appraised in 
terms of one or another detailed effect of this drug, such as its effect 
on the blood pressure or the volume output or its effect on tone or on 
contraction or another of the many actions which it undoubtedly 
possesses?” (37) While the effect on the circulation as a whole must 
always differ from the sum total of the effects on the various funda- 
mental characteristics of the circulation, measurements of these indi- 
vidual characteristics and a study of their relationships constitutes 
the most valid means of lajung* down the basis of rational therapeutics 
at the present time 

More than six hundred measurements in man in health and m disease 
have demonstrated that the velocity of blood flow is of fundamental 
importance and that abnormal slowing occurs with the development 
of congestive failure, while clinical improvement is attended by an 
increase in the speed of blood flow The clinical improvement and the 
attendant increased velocity of blood flow in patients with cardio- 
vascular disease followed the administration of digitalis in the majonty 
of instances The effect of the digitahs bodies on the velocity of blood 
flow in normal subjects as well as in patients with cardiovascular 
disease was measured by Weiss and Blumgart (145), and the relation 
of these findings to changes in the vital capacity of the lungs, the 
venous pressure and other clinical manifestations was studied 

Normal suljects Strophanthm and tincture of digitalis were ad- 
mimstered intravenously and by mouth to eight normal persons The 
effect on the velocity of pulmonary and peripheral venous blood flow, 
on the vital capacity of the lungs and on artenal and venous blood 
pressures was observed Amounts of these drugs corresponding to 
large therapeutic doses failed to change appreciably the velocity of 
pulmonary blood flow and the other above mentioned aspects of the 
circulation in normal subjects 

Patients imth cardiovascular disease Of eight patients who had 
symptoms or signs of congestive failure even at rest, six showed a 
definite increase in the velocity of blood flow following the administra- 
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tion of digitilis bodies Tlicsc results derive additional significance 
from the fact that before the administration of digitalis all subjects 
were kept in bed eight to thirtj days until clinical observations, elec- 
trocardiographic measurements, and tests of the vital capaaty indi- 
cated no further improvement Of si\ patients who showed no signs 
or symptoms of congestive failure at rest, two showed an increase in 
the veloaty of blood flow, three showed no appreciable change, and 
one showed a slowing in the velocity of blood flow after digitalis 
In only tlirec of the fourteen patients with cardiovascular disease, 
therefore, was the blood flow slowed after digitalis, and it is significant 
that two of these three patients showed auricular fibnllation with a 
normal ventricular rate before the drug was administered 

The effect of digitalis on normal persons and on patients w itli eardio- 
vascular disease, as well as the data elicited from numerous other 
observations described previously in this review, demonstrates that 
digitalis, unlike epincphnn, has no specific stimulating effect on the 
circulation but tends to increase the speed of blood flow only when the 
latter is abnormally slowed This can, of course, be effected only 
w'hen the heart is still capable of an increased response 

The fact that the normal subjects studied by Weiss and Blunigart 
(145) showed no appreciable alteration m the velocity of blood flow 
after digitalis, and that the patients with symptoms and signs of 
congestive failure when at rest exliibited a greater tendency to show 
an increase in the veloaty of the pulmonary blood flow after digitalis 
than patients whose hearts were compensated at rest (145) is in 
harmony with the concept that the digitalis bodies tend to increase 
the velocity of blood flow toward, but not above, normal This was 
again found by Weiss and Ellis (147) who studied four patients with 
rheumatic heart disease who were compensated at rest both before 
and after digitalis The arm to face circulation time, the cardiac 
output per minute and per beat, the circulating blood volume and 
the vital capacity of the lungs showed no significant changes after 
the administration of the drug 

The change in velocity of blood flow resulting from digitahs is 
therefore the same as the change which follows other therapeutic 
measures which are beneficial in the treatment of circulatory failure 
To condemn the use of digitalis because it fails to improve the arcula- 
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tion in a few patients is as irrational as giving up the use of arsenicals 
because they do not always improve patients with syphilis 

XV THE VELOCITY OF BLOOD FLOW AND ITS RELATION TO OTHER 
ASPECTS OF THE CIRCULATION IN PATIENTS WITH 
PULMONARY EMPHYSEMA 

Pulmonary emphysema frequently presents one of the most per- 
plexmg problems of differential diagnosis in chmcal medicine because 
the cardinal symptoms, dyspnea, cough and cyanosis are also charac- 
teristic of circulatory insufficiency. In many patients, the history and 
signs of cardiac pathology enable one to make a diagnosis of cardio- 
vascular disease with confidence, but in others, with little or no evi- 
dence of heart disease and with no signs of penpheral congestion, the 
problem anses as to whether the dyspnea of the patient is due to early 
myocardial failure or to the disordered gaseous exchange of pulmonary 
emphysema Frequently, the problem is still further comphcated by 
the simultaneous presence of both conditions (107) It then becomes 
a matter of considerable clmical importance to estimate the relative 
significance of these two conditions in producing the cough, dyspnea 
and lowered vital capaaty, because proper treatment and accurate 
prognosis reqmre such differentiation. 

Unfortunately, our knowledge of the underlying pathologic physi- 
ology of pulmonary emphysema (121), upon which rational diagnosis 
and therapeuti cs must be based, is incomplete Studies on the circula- 
tion in patients suffering from pulmonary emphysema are especially 
lacking since direct measurement of the blood flow through the lungs 
has hitherto been impossible and indirect measurements of the minute 
volume flow are not feasible smce the methods postulate normal 
gaseous exchange 

In twenty-one of the twenty-five patients with pulmonary emphy- 
sema studied by Weiss and Blumgart (144) the velocity of blood flow 
was within the lunits of normal. The clinical condition of the patients 
varied considerably. Some complamed of weakness and dyspnea only 
on exertion, others suffered from intense dyspnea and cyanosis at rest 
Chronic bronchitis, bronchial asthma, and structural and functional 
changes in the thorax appeared to play a predominant role in the 
etiology of emphysema m this group The normal or even increased 
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velocity of blood flow, particularly in those patients who had many of 
the symptoms and signs of severe circulatory^ failure, such as conspicu- 
ous w eakness, cyanosis and dyspnea, is of great importance It shows 
that pulmonary emphysema alone is suffiaent for the production of 
these symiptoms and signs The normal venous pressures in these 
patients is m agreement ivith this finding 
Severe pulmonary emphysema, therefore, does not necessarily 
obstruct the pulmonary circulation sufficiently to interfere with the 
normal velocity of blood flow On the contrary, in some patients 
increased speed of blood flow through the lungs may be present On 
the basis of the facts now available one cannot say whether the normal 
or increased velocity observed m these patients is mamtained with or 
without aid of the cardiac reserve Circulation and ventilation are 
closely related physiologic mechanisms in the human body The 
sigmficance of hypen'cntilation m compensating for circulatory failure 
IS fully appreciated A reverse relation between arculation and 
ventilation possibly exists in pulmonary emphysema 
In a small group of four subjects studied by Weiss and Blumgart 
(144), slowing in the velocity of blood flow with elevation in tlie periph- 
eral venous pressure indicated that, in these patients, pulmonarv 
emphysema was complicated by arculatoiy failure The degree of 
slowing of blood flow was less than that in patients with artcnosclerosis 
who had never exhibited congestive failure and whose only complaint 
was dyspnoea on exertion While such slowing of the blood flow in 
patients with cardiovascular disease was associated with but slight 
restnction of muscular activity, the patients with pulmonary em- 
physema w ere completely incapacitated The conspicuous symptoms 
and signs shown by these patients were due, therefore, only to a slight 
extent to changes in the blood flow In one patient the opportunity 
presented itself of following the condition closely and correlating the 
findings with the post mortem examination The patient suffered 
from the extreme form of the disease The velocity of blood flow was 
measured only two months before her death, which was directly due to 
emphysema The patient also showed myocardial failure, as judged 
from pitting edema around the ankles, but the crude pulmonary ar- 
culation time was only 19 5 seconds The dyspnea, retraction of the 
lower nbs on inspiration, and the weakness could not be explained 
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on the basis of retardation in blood flow The fact that this patient 
practically choked to death with but slight slowing of the blood stream 
and the fact that other patients with emphysema did not show marked 
slowing suggest that, with the defective aeration of blood due to ventil- 
atory insufficiency such as is present in emphysema, conspicuous reduc- 
tion in blood flow due to cardiac failure would probably be incom- 
patible with life This is in accord with the climcal observation that 
elderly people, with a tendency to emphysema and with cardiovascular 
disease, show a more severe disturbance in bodily function than one 
would expect from the cardiovascular damage alone 

Because the clinical signs and symptoms may not aid in differenti- 
ating emphysema from myocardial failure and, furthermore, because 
emphysema and myocardial failure may both be present m a given 
patient, combined measurements of the vital capacity, venous pressure 
and pulmonary blood flow may be of great importance in estimating 
the relative extent of pulmonary and cardiac disease. 
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INTRODUCTION 

The recent advances in the knowledge of the group of diseases in 
which there is impairment of bihrubm excretion, have been made 
through the cooperation of chemists, physiologists, pathologists and 
clinicians, and these painstaking investigations, particularly dunng 
the last thirty years, have enabled us to build the foundations of our 
present conception of the problem of jaundice The older views on 
jaundice, which were based only on anatomical grounds, have been 
recently so thoroughly revised, that the writer feels it will be best to 
pass m review some of the outstanding physiological and chemical 
researches, before dealing with the methods of determination of bih- 
rubinemia and its clinical applications 

CHEMICAL ORIGIN OP BILIRUBIN 

Virchow (272)in 1847was the first to suggest the chemical similarity 
of bilirubin and hemoglobin, for he discovered in old foci of hemorrhage 
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a pigment closely related to bilirubin, to which he cautiously gave the 
name of “hematoidin ” Three years later Herrmann (103) demon- 
strated that intravascular hemolysis, by means of the injection of dis- 
tilled water, would lead to the subsequent excretion of bilirubin in the 
unne Tarchanoff (261) extended these observations by injecting 
hemoglobin itself intravenously, and collecting the excreted bile 
through a bihary fistula An increased output of bile resulted The 
chemical identity of the pigment formed when hemoglobin is liberated 
intravascularly (bilirubin) and the pigment formed when hemoglobin 
is liberated extravascularly (hematoidin) now seems well established 
as a result of the experiments of Eich and Bumstead (224) on a sample 
of hematoidin found in an old hemorrhagic cyst 

Many attempts, not altogether successful, have been made to pro- 
duce bilirubin from hemoglobin in vitro, the painstaking researches of 
Fischer (72), Thannhauser (262, 263) and Kuster (138) being speaally 
noteworthy 

Nencki and Zaleski (202) succeeded in produang a substance which 
they called “hemopyrrol” by treating hematin (C 34 H<i 204 N 4 FeCl) with 
powerful reductants This hemopyrrol was found by Kuster (138) 
to be composed actually of a mixture of different pyrrols (iso-hemo- 
pyrrol and cryptopyrrol) accompamed by the corresponding pyrrol 
carbonic acids Treating hematin afterwards by oxidants, Kuster 
produced an acid “hamatmsaure” (methylcarboxyethyl maleic acid) 
The initial product obtained is the imido form of this acid which, under 
the influence of alkalies, loses its NHs, giving the anhydrid correlated 
to the “hamatinsaure ” As the formula of this “hamatinsaure” con- 
tains the characteristic pyrrol nucleus, found in the pyrrohc acids 
derived from hematin by reduction, it can be concluded that by treat- 
ing hematin either with strong oxidants or reductants similar products 
can be formed Treating bilirubin with the same reagents, Kuster 
(139) and Fischer and Meyer (73) obtained the same two pyrrol groups 
and pyrrol-carbonic acids, as well as the tribasic hematic acid 
(Hamatinsaure) 

Briefly these processes can be tabulated, as suggested by Fischer, 
as follows 
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As these reactions constitute a senes of hydrolytic processes, Kuster 
simplifies them in the following schematic formula 

Hcmatin + 2HjO = Bilirubin + I eO 


The relation between the pigments of the blood and bile is further 
indicated by the accompanying strnctvra} Sormuiae for hemin aad 
bilirubin, according to the views of Fisclier, which have been recently 
confirmed by his bnlliant studies on the synthesis of hemin and por- 
finns (75) 
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Blood hemoglobin seems therefore to be the mam source of supply for 
the formation of bilirubin It is possible that other compounds, con- 
taimng the pyrrol nucleus in their structure, could be changed into 
bilirubin Whipple and Hooper (284, 285), and more recently 
Whipple and Robscheit (286), state that myohemoglobin is another 
source of bihrubm If Kennedy and Whipple’s statement (125), that 
blood hemoglobin and muscle hemoglobin are identical, since both give 
similar spectrophotometnc curves, is confirmed, it is obvious that 
muscle hemoglobin may also take part in bilirubin formation Whip- 
ple and Hooper’s assertion that the output of bihrubm m dogs increases 
after a diet nch m carbohydrates has been denied by Inlow (115), and 
Rous (237), who reported that m their experiments with bile fistula 
dogs, a diet rich m carbohydrates had no effect upon the amount of 
bile pigment formed There is a close relationship between the 
chlorophyll molecule and hematm (WiUstater and Stoll (282)), and 
Noack (204), m beautiful expenments, has recently shown that bih- 
purpunn, a pigment present m small amount m the bile of herviborous 
animals, has essentially the same cheimcal constitution as photo- 
pheophitm, a pigment denved from chlorophyll This would favor 
the possibility of an exogenous ongm of bihrubm The statement of 
Bollmann, Sheard and Mann (24) that they were unable to detect any 
alteration m bihrubm formation after the intravenous injection of 
chlorophyll m dogs, does not exclude the possibility of bihrubm 
formation from chlorophyll, since, m the case of intravenous injections, 
the excretory power of the liver rapidly frees the blood of the injected 
pigment 
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The followng table taken from Rollcston and McNee (231) gives a 
short summary of the relationship of bilirubin, and its derivatives, 
to hemoglobin 
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PinSlOLOGICAI, OJUGIN OP BaiRUBIN 

Since Rich’s splendid review (22S) on the formation of bile pigment, 
feiv facts have been brought to light bearing upon the exact ongin 
of bilirubin 

Virchow’s original view (272) which came as a consequence of his 
observation on hcmatoidin, was that bilirubin could be formed outside 
the liver, as the pigment he found in old blood extravasations, had a 
close resemblance to bilirubin The celebrated expenments of Min- 
kowski and Naunyn (180) on the absence of jaundice in hepatectom- 
ized geese, in which intravascular hemolysis had been produced by 
arseniureted hjdrogen, were so widely accepted for a time, that the 
liver came to be considered as the only site of bile formation The 
work of Minkowski and Naunyn remained unchallenged until McNee 
(183, 184), repeating and confirming their experiments, explained them 
in a very different way, stating that the prevention of icterus was 
probably due to the removal by the hepatectomy of the phagocytic 
Kupffer cells, rather than to the loss of the polygonal cells of the liver 
The remarkable senes of studies of Mann and his coworkers (160-164) 
on the physiology of the liver, m which they demonstrated the ap- 
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pearance of bilirubin in the blood of hepatectomized dogs, an observa- 
tion amply coru&rmed by Makino (159), Rich (226) and others, proved 
conclusively that in dogs, at least, bile pigment continues to be formed, 
and to accumulate in the blood stream, after the liver, or, indeed, after 
all the abdominal viscera have been removed (Rich) 

As a consequence of these fundamental observations attention was 
directed towards the extrahepatic formation of bilirubin Lepehne 
(148) attempted to prove that the pigment is formed by the reticulo- 
endothelial cells, stating that after overloading these cells with col- 
largol the process of bile pigment formation was less active Rich 
(227), by the methods of tissue culture, was able to prove that only 
mesodermal, and not ectodermal or endodermal cells can transform 
hemoglobin into bile pigment and that this process occurs within the 
cells Numerous attempts by Rich and Bumstead (224) to prove the 
existence of some extracellular enzyme which can influence the trans- 
formation of hemoglobin into bilirubin, gave umformly negative 
results It IS therefore probable than when bilirubin is formed from 
hemoglobin within the phagocytic cells, as in Rich’s experiments, the 
process is carried on by a cellular hydrolytic ferment 

Confirming Van den Bergh’s early investigations, Ernst and Szap- 
panyos (61) and Komori and Ywao (134) observed the formation of 
bihrubin following the injection of hemoglobin into the perfused, 
asphyxiated spleen, and Mann, Sheard, BoUman and Baldes (161) 
reported that the injection of hemoglobin into the blood, entering the 
spleen and bone marrow, produces an increase in the amount of bili- 
rubin formed at these sites Mann, Sheard and Bollman (162) 
measured the relative amounts of bilirubin formed in the liver, spleen 
and bone marrow, concluding that in dogs the spleen produces more 
bilirubin than the liver, that even in the absence of the liver and 
spleen, bihrubin continues to be formed at its normal rate, which 
would lead to the conclusion that the bone marrow can take over the 
function of bilirubin formation in the absence of the other sources of 
formation Whether bilirubin formation can be inhibited by suppres- 
sion of the bone marrow has not yet been determined 
All these concordant experiments seem to prove conclusively that 
there is an extrahepatic origin for bile pigment It is true, that re- 
cently Melchior, Rosenthal and Licht (182, 234, 235), working in 
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Naun\n’s laboratory, m a senes of papers revert to ^Iinkowski and 
NaunjTi’s original hypothesis, and consider the liver as the mam organ 
of bilirubin formation Iheir conclusion uas drawn from the fact 
that the jaundice, whicli mvanably follows the injection of toluilendi- 
amine m control dogs, does not appear in hepatectomized animals 
When the liver is removed, after jaundice has appeared as a conse- 
quence of toluilendiamine injection, the bilirubin in the blood not 
only ceases to increase but actually decreases These facts, however, 
are not actually incompatible with Uie evtrahepatic origin of bilirubin, 
for Joanovick and Pick (117) and others, have shoivn that toluilendi- 
amme produces necrosis of the liver cells This form of jaundice is 
therefore dependent upon the presence of the liver, as we shall see 
below, but not in the sense that the liver cell produces the pigment 

In summary it can be stated that 

1 There is no evidence that the polygonal liver cells are concerned 
with the formation of bilirubin All the expenments performed in 
recent > ears are deadedly against such evidence 

2 There is no evidence that there exists an extracellular enzyme 
capable of transforming hemoglobin into bilirubin It is probable, 
though not conclusively proved, that this process is earned on by a 
cellular hydrolytic enzyme 

3 The cells of the reticulo-endothelial sj stem are in all probability 
actively concerned in the formation of bilirubin 

itETHODS OF BLOOD BILIRUBIN ESTIMATION 

Since the classical researches of Gilbert and his assoaates, many 
methods have been suggested for the determination of bihrubin in 
the blood They can be divided into the following groups 

1 Estimation based on the oxidation of bilimbm 

2 Direct comparative estimation of the colour of blood serum 

3 Methods based on the use of Ehrheh^s diazo-reagent 

4 Spectrophotometne methods 

1 Mcllwds based on the oxidation of hiltrubin 

Gilbert, Herscher, and Posternack (84), in 1903, were the first to 
elaborate a method for the estimation of serum bilirubin Oxidizing 
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the bilirubin into bihverdin by means of Gmelin reagent, and compar- 
ing the intensity of the colour reaction, they were the first to demon- 
strate that bihrubin was normally present in the blood serum Later, 
Hertzfeld (105) applied the same principle using Hammarsten’s 
reagent (1 volume of 25 per cent HNO^ -j- 19 volumes 25 per cent HCl, 
after 24 hours add to 1 volume of this solution, 4 volumes of alcohol), 
but his figures are subject to the same sources of error as Gilbert’s 
estimations More reliable and simple is the method proposed by 
Fouchet (78), who oxidizes the bihrubin by a solution contaimng tri- 
chloroacetic acid and FeCL (thnchloroacetic acid, 5 grams, FeCL 10 
per cent, 2 cc , distilled water, 20 cc ) Equal parts of serum and 
reagent are taken, the reagent being added to the serum drop by drop, 
after stimng with a glass rod, the green colour obtained is compared 
with a previously made colour chart The sensitivity of the method 
according to Fouchet is 1 X 60,000 The methods of Posselt (214) 
and Biffi (21) are based on the same pnnciple of oxidation of bilirubin 
by acids 

The figures obtained using these methods are not rehable, not only 
because the compansons with the artifiaal standards are too roughly 
approximate, but chiefly because the methods are not sensitive enough 

2 Direct comparative estimation of the colour of blood seium 

Assuming that the yellow colour of the blood serum is pnncipally 
due to bihrubin, methods have been evolved to determine the amount 
of bihrubin by comparing the colour of the serum ^vlth artificial stand- 
ards of approximately the same shade of yellow colour 

Meulengracht (179), who was the onginator of these methods, em- 
ploys a standard solution containing 1 10,000 of potassium dichromate 
plus2 drops of H2S04per every 500 cc of solution He dilutes the serum 
with physiological salt solution until the colours can be compared He 
obtains thereby a comparative figure which he calls the colonmetnc 
index, giving 1 to 10 units as a normal index ^ The same techmque has 
been recommended under the name of “icterus index” by Maue (170) 

1 For example, if 1 cc of serum is diluted to 25 cc and the standard read 17 5 when the 
unknown is set at 20, the icterus index is 21 9 
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and IJcrnhum (19) Ihtv list iht colorimtUr for the eomparison, 
their cakulaliou licing 

Kcn.l.np ^ ^ 

KcadiiiK ot imlmmii 

Ihcy slate that tlic normal leltrus index lies btlwctn 4 and 6 Walter 
{^<3) uses, ns a standard, a mixture of jiotassium bichromate (1 10,000) 
100 cc and "orange poiricr ’ (1 10,000) 2 cc He employs plasma 
instead of strum 

Lrnst and I orsttr (02) preapitate tlit serum nith tno v'olumes of 
acetone, and after iiltration, they make the companson in a colorimeter 
Mith the dichromate standard so diluted ns to make a proper colori- 
inctnc reading 

As the chemistrs , the amount and the daily variation of t le lypo- 
chromes (lutein, earotin, etc ) of the blood is unknown the nriter is of 
the opinion that these methods m which bilirubin as well as all other 
\ cllow substances also present m the blood serum are estimated, ought 
to be discarded It is wUl known that the x ellow colour of the serum 
increases with a diet nch in xegetables Stoners (25/) studies on 
carouncmia, so common in children, Ficssmger, \\ alter, and Thierry s 
(66) studies on the effect of carotinemia on xantliochromia of P'as®ib 
and Rabinowitch’s (218) and Hess and Myers (108) reports of high 
e-arotmemia in diabetic patients as well as Hernando s (102) contribu- 
tion on pseudo-.aundice from caroUn pigment should warn the chniaan 
ngainst the employment of the colour of blood scrum as an index to 
hihrubincmia 

3 Melliotls basal on hhrlicb s reaction 

Lhrheh, as early as 1883 (55), discovered that a mixture of sulfanilic 
aad, HCl and sodium nitntc (diazomum salt) gave a red xiolet colour 
"hen added to solutions containing bilirubin 1 he chemistry of the 
reaction remained unknown until 1900 when Proscher (217) clearly 
established the fact that bilirubin combines ivith the diazobenzol- 
sulphochloride (Ehrlich’s diazo reagent) to form acetophenolazorubm, 
"hose formula and spectral bands in different solutions he deter- 
mined More recently , Kerppola and I eikohi (124) describe 13 dif- 
ferent stages ot oxidation, when Na nitrite and HCl were added to 
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bilirubin dissolved in chloroform They show that the colour of Ehr- 
lich’s diazo-reaction is due partly to oxidation and partly to the action 
of acid Notwithstanding the importance of Ehrlich’s discovery and 
Proscher’s demonstration of the specificity of such a reaction for the 
estimation of bilirubin, it was only many years later, in 1913, that Van 
den Bergh and Snapper (270) employed Ehrlich’s diazo-reaction for the 
estimation of blood bilirubin Van den Bergh and his co-workers, by 
the adaptation of Ehrlich’s diazo test to the determination of bilirubi- 
nemia, opened up an entirely new approach to the expenmental inves- 
tigation of bile pigment metabolism This test is not only of great 
assistance because of its delicacy and accuracy in quantitative work, 
but also because qualitative differences in the behaviour of the reaction 
serve to differentiate various forms of jaundice 

Quahiahve Van den Bergh reachon Van den Bergh and Muller (266) 
discovered that in some cases of jaundice, especially those of the ob- 
structive t5q)e, the red violet colour develops immediately after the 
addition of Ehrlich’s diazo-reagent to the blood serum, while in other 
cases, namely, those of hemolytic nature, the addition of alcohol is 
necessary to produce the formation of diazo-bihrubm This led to their 
well known separation of the reaction into the “direct” type, charac- 
teristic of obstructive or “mechanical” jaundice, and the “indirect” type, 
charactenstic of non-obstructive or “dynamic” jaundice Feigl and 
Quarner (64) have further pointed out that besides these two types 
of reaction, there is a “biphasic reaction” which will be described later 

Everyone who has had experience ivith the Van den Bergh reaction 
has been able to confirm F eigl and Quarner’s type of biphasic reaction, 
a distinction important to retain, especially when following the prog- 
ress of jaundiced patients 

Technique of the Van den Bergh reaction Collection of blood 
Blood serum or plasma is equally suitable As it is more difficult to 
avoid hemolysis when blood is allowed to clot, plasma is most con- 
venient, using 0 2 cc of a 10 per cent solution of potassium oxalate 
(evaporated to dryness) for 10 cc of blood as anticoagulant (There 
are no differences in the readings whether plasma or serum is used ) 
The blood has to be fresh as the bilirubin oxidizes on standing and the 
quality of the reaction may change Test tubes and pipettes used 
have to be perfectly clean 
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Rcagcitls — 

Sulphamlic acid 
Concentrated HCl 
Distilled Nratcr 

Sodium mtnte 
Distilled \>a(cr 


Solution A 


Solution B 


0 1 gram 

1 Sec 
100 cc 

0 5 gram 
100 grams 


Both solutions ought to be renewed every IS days 
To perform the reaction one minces 5 cc of solution A and 0 1 5 cc 
of solution B (This mixture has to be freshly made ) 

Quahtaiicc reaction One cubic centimeter of oxalated plasma (or 
serum) is placed in a small test tube and 0 S cc of the diazo-reagent 
added The appearance and development of the colour reaction is 
watched and timed 

Direct reaction The colour appears immediately after the addition 
of the reagent and acquires its maximum intensity 30 seconds later 
Btphasic reaction The colour reaction appears at once as m the 
first typeor within 30 seconds bulitsMoxiwiiw vitcimtyis reached after 
a variable time If the colour reaches its maximum intensity quite 
rapidly the reaction is called “prompt biphasic,” while it is called 
“delajed biphasic” when the colour deepens quite slowly 
Indirect reaction The colour reaction appears one or more minutes 
after the addition of the reagent The maximum intensity is reached 
at vanable times and the addition of alcohol is essential to obtain the 
maximum colour 

Quantitaiue dctennination Standard solution The standard em- 
ployed IS a solution of cobaltous sulphate If dryed anhydrous cobalt- 
ous sulphate is used, take 21 610 grams in 1000 cc of distilled water 
If crystallized cobaltous sulphate is used (CoSOiTH^O), take 39 ISO 
grams m 1000 cc of distilled water This standard is taken by Van 
den Bergh as equal to 1 unit This corresponds to of bilirubin, 

I e , 0 S mgm per cent 

A Serum or plasma giving indirect reaction Take 1 cc of serum 
and 2 cc of alcohol (96 per cent) Shake and centrifuge One cubic 
centimeter of the supernatant fluid is taken into a test tube and 0 25 cc 
of the reagent and 0 5 cc of alcohol added Compare the colour wnth 
the standard in any microcolonmeter 
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Calculation In the first dilution we would have a 1 3 dilution but 
as a result of the contraction due to alcohol this dilution is only 
In the second dilution we have i-. The final dilution will be 
^ X i = i 
Therefore 


Reading of standard 
Reading of unknown 


X 5 = units X 2 = rngm bilirubin per cent 


B Serum giving biphasic reaction or low bilirubin content with 
direct reaction Thannhauser and Andersen’s modification is recom- 
mended To 1 cc of plasma or serum add 2 5 cc. alcohol (96 per cent) 
and 1 cc of a saturated solution of (NH 4 ) 2 S 04 Shake and centrifuge 
Calculation 


Reading of standard 
Reading of unknown 


= units X 2 = mgm bilirubin per cent 


If the colour of the unknown is too strong, dilute with 2 parts of 
alcohol and 1 part of water 

C Serum having high bilirubin content (direct reaction) Mix 0 5 
cc plasma or serum and 0 5 cc reagent Add water (varying meas- 
ured quantities to get a reasonable dilution) and then add alcohol so 
that the flmd is increased thnce its bulk Centnfuge and read in 
the colorimeter. 

Calculation 


Reading of standard 
Reading of unknown 


X dilution = units X ^ = mgm 


per cent 


Modificahoiis of Van den Bergh’s technique Two objections have 
been raised against the Van den Bergh method 

1 That it is extremely difficult to obtain a colour reaction which 
would be entirely comparable to the standard 

2 That dunng the precipitation of the plasma proteins by alcohol, 
some of the bilirubin is adsorbed by the protein In regard to the 
first obj'ection, the wnter thinks that the utmost care must be taken 
not to alter the final pH of the solution As the diazobilirubin re- 
sponsible for the colour reaction behaves like an indicator dye, its 
colour changes from the blue at the acid side to the yellow on the 
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alkaline side When perfectly clean tubes and pipettes are used and 
the proper amounts of reagents are added, the pH of tlie final solutions 
IS ahvays around the optimum for the production of the red violet 
colour and no difficulties arc encountered With increasing acidity 
the colour changes to violet first, then to blue, greenish blue and green 
(oxidation to bilivcrdin) When the reaction is toward the alkaline 
side, the colour becomes red, red brown, and yellow Thannhauser 


TABLE 1 

ComparaUvc blood hhrtihtn estimations by the Van den Bergh ted tuque and the Thannhousen 
and Andersen^s inodijication 


TYTE or VAN DEN BERCn REACTION 

1 SEKOUOIURinilN 

ITKCENTOf 
DitrsmiiN 
ADSOBDED SY 
TOE ALCOHOLIC 
PBOTEIN 
PEEClPirATE 

Van dfnBcrgli 
technique 

Thannhauser 
and Andersen s 
technique 


pt( Percent 

CTf percent 


I Indirect 




Hemol> tic jaundice 

8 70 

9 00 

3 0 

Pernicious anemia 

2 as 

2 PS 

3 4 

Malana 

2 00 

2 00 

0 0 

II Diphasic 




Lobar pnevuaonia 

2 04 

3 80 

1 20 0 

Catharral jaundice 

4 00 

6 00 

1 33 0 

Arsphcnamin jaundice 

3 00 

4 80 

37 0 

III Direct 

1 

1 


Gall stones 

8 00 

14 00 

42 8 

Carcinoma of pancreasiuoraa 

7 00 

13 SO 

48 0 

Cholecystitis 

' 3 02 

6 SI 

29 0 


and Andersen (264), Greppy and de Micheli (91) advise the acidifica- 
tion of the solution in order to have a blue colour 
The second objection is more serious VandenBergh himselfpointed 
out that when the proteins of serum giving direct and indirect reaction 
are preapitated with alcohol, the bilirubin, giving the direct reaction, 
is more easily adsorbed by the protein precipitate than the bilirubin 
giving the indirect reaction The figures in table 1 taken from numer- 
ous concordant deterrmnations, give a clear comprehension of this 
different behaviour The plasma bilirubin was estimated by the ongi- 
nal Van den Bergh technique (alcohol preapitation) and Thann- 
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hauser and Andersen’s modification (264) in which the protein adsorp- 
tion IS loosened by saltings out the proteins by a saturated solution of 
ammomum sulphate 

Thannhauser and Andersen’s modification in which all the bilirubin 
goes into solution is therefore to be recommended especially in cases 
where there is a biphasic reaction or a high indirect reaction 

Enriquez and Sivo (57) raise another objection to the Van den Bergh 
reaction, namely, that in cases of h)q)obihrubinemia the high dilution 
reqmred in Van den Bergh’s technique makes a colonmetric reading 
almost impossible, and they propose the follo^vlng modification ’ To 
0 5 cc of serum they add 0 5 cc of a solution of sodium benzoate 
caffeine (20 per cent) and 0 2 cc of the diazo-reagent The colour is 
compared to a standard made with a bilirubin solution (0 01 per cent 
m n/100 NaOH) They avoid protein precipitate, but their final 
colloid suspension cannot be compared colonmetncally 

4 Spectrophotometnc methods 

Huffner was the first to determine bilirubin in this way but Sheard, 
Baldes, Mann, and Bollmann used the method more extensively (251) 
There is no doubt that it is by far the most accurate and sensitive way 
of measunng bihrubinemia, but the cost of the instrument and the 
careful technique which it requires, makes it unsuitable for clinical 
work Mann and his co-workers use the Keuffel and Esser colour 
analyzer which has the advantage over ordinary spectrophotometers 
of being easier to manipulate As the percentage of light transnussion 
changes with time, they recommend that the alcoholic solutions of 
serum bilirubin be prepared, and that the readings of wavelength and 
percentage transmission be made as rapidly as possible m the region 
of 430 to 500 Companng this method with the Van den Bergh 
method, they find that it is possible to determine the character and 
the shape of the spectrophotometnc curve of bihrubm for a dilution 
as low as one fiftieth of the smallest amount measurable by the Van 
den Bergh technique 

THE NATURE OE THE VAN DEN BERGH REACTION 

The nature of the Van den Bergh reaction has aroused considerable 
attention, since it is generally agreed that the different types of reac- 
tion correspond to perfectly distinct groups of jaundice 
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Van den Bcrgh (267) proposed two alternative theones (1) That 
there maj be diflercnces in the chemical composition of the bilirubin 
normally circulating in the blood stream, and in that of the bilirubin 
vhicli has passed through the li\cr cell (2) lhat in the indirect 
type of reaction the bilirubin is bound up in some manner inth the 
blood proteins or lipoids so as to prevent it from coupling with the 
diazo-reagent The advocates of the first theory have accumulated 
evidence of certain physical and chemical differences between the 
“direct" and “indirect” types of the Van den Bcrgh reaction these 
differences are as follows 

First That, as pointed out by Van den Bergh (269) and Andrews 
(7), the bilirubin of scnim giving the direct reaction oxidizes more 
easily than the bilirubin from the serum giving the indirect reaction 
Second That when the proteins of both kinds of sera are precipi- 
tated with alcohol, the bilirubin giving the direct reaction is more 
easily adsorbed by the protein prcapilate than the bilirubin giving 
the indirect reaction (t'an den Bcrgh) 

Third That w hen tlio tw o types of sera are shaken wnth chloroform, 
the “indirect” bilirubin passes into solution into the chloroform while 
the “direct” bilirubin does not (Grunnenberg (93)) 

Fourth That the bilirubin from obstructive jaundice is dialyzable 
through a collodion membrane, while the bilirubin from hemolytic 
jaundice is not (Hoover and Blankenliom (111), Brule, Garban and 
Wcissman (29), Leschke (ISl)) 

Andrews, reviewing these differences, concludes that the bilirubin 
giving the indirect reaction is in fine suspension instead of in true solu- 
tion, or that possibly it is a polymer of the “direct” type VTule the 
first three differences may be venfied, the writer has been unable to 
confirm any difference in the dializability of bilirubin whether from 
obstructive jaundice or from hemolytic jaundice 
Colhnson and Fowwveather (38), accepting the formula for the com- 
position of bihrubm suggested by Fischer (74), who regards it as an acid 
wath two carboxil groups, capable of forming salts which will differ in 
certain properties from the free acids, says "while the bilirubin giving 
the prompt direct reaction is an alkali salt which we believe is probably 
the ammonium salt, the form which is responsible for the indirect reac- 
tion IS the free aad present in the blood in a colloidal state ” The 
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writer has been unable to confirm Colhnson and Fowweather’s experi- 
ments The serum giving the direct reaction could not be converted 
into one giving the indirect reaction by the addition of hydrochlonc 
acid, and only in rare cases did the addition of ammoma to sera giving 
the indirect reaction hasten the reaction with the diazo-reagent 
Davies and Dodds (49), who made an interesting study of the limits 
of hydrogen ion concentration between which the reaction of the diazo- 
reagent and bihrubin takes place, state that the indirect reaction is 
produced by oxidized bilirubin, i e , bihverdm, but bihverdin does not 
give the Van den Bergh reaction Roberts (230) believed that the 
“indirect” bilirubin is in free colloidal condition, and the “direct” 
bilirubin is in combination with some substance “the nature of which 
IS as yet imdetermined.” Newmann (203) concludes from his experi- 
ments that the difference between these two types of the Van den Bergh 
reaction is due to an underlying cheimcal difference between the 
bilirubins. 


Among the advocates of the second theory, Adler and Strauss (5), in 
a senes of papers speak of a physico-chemical change in the state of 


serum proteins, namely a change in the 


globulin 

albumin 


ratio, which, accord- 


ing to them, would be considerably lowered in cases of obstructive jaun- 
dice, while it would be normal in hemolytic jaundice Some of the 
authors’ expenments are interesting and have been confirmed by the 
wnter, such as the influence of temperature, the addition of alcohol, of 


salts of caffein, in accelerating the reaction The assumption that 


, globulin 

the -rr ratio plays an important role 

albumin 


in the behaviour of the Van 


den Bergh reaction is unwarranted, as the Van den Bergh reaction 
changes from the indirect type into the direct in one, four or five hours 
after biliary obstruction (Barron and Bumstead) without any change 
in the G A ratio Feigl and Querner (64) suggest a possible hpoid 
linkage as an explanation for the indirect type of bilirubin, which 
Andrews was unable to confirm Levi-Crailsheim (154) supports the 
theory of protein-linkage stating that serum giving the indirect Van 
den Bergh reaction will give a direct reaction after digestion with 
pepsin, pancreatm or even liver extracts The wnter has been unable 
to confirm these findings Neither commercial pepsin nor pancreatic 
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cUract proved to be active, had no effect m accelerating the rate of 
the reaction Thannhauser and Andersen (264) state that the addi- 
tion of bile salts, or mixtures of cholesterol and bile salts, can change a 
serum giving the indirect reaction into one giving the direct reaction 
Adler and Strauss (5), as well as several other investigators, were 
unable to confirm this statement Bollmann, Sheard and Mann (24), 
made an important contnbution to the theory of the chemical identity 
of these two tj^ies of reaction by demonstrating that alcohol-acetone 
solutions, and even aqueous solutions of icteric scrum from patients 
having obstructive and hemolytic jaundice, gave the same curve of 
light transmission when measured spcctrophotometncally Never- 
theless, in their conclusions concerning the difference of these two 
types of reactions, they state that "it might appear that the direct 
reaction of obstructive jaundice is due to the retention in the blood 
of a substance which destrojs this linkage of bilirubin with serum ” 
The writer, while investigating the problem (14), has made use of 
solutions of bilirubin and normal serum, having thus two controlled 
factors bilirubin and serum, each of the same chemical constitution 
When sodium bilirubinate, buffered to pH 8 43* and giving a direct 
Van den Bergh reaction is added to normal human blood serum in 
increasing amounts up to 12 mgm per cent, a typical indirect reaction 
IS obtained When the concentration of bilirubin is increased to 16 
mgm percent, the reaction becomes of the biphasic type,i e ,thecolour 
appears twenty seconds after the addition of the diazomum salt, 
reaching its maximum intensity two minutes later When the bili- 
rubin concentration is higher than 16 mgm per cent, a direct reaction 
IS obtained The following conclusions can be formulated from these 
experiments Some constituent of the serum has a tendency to adsorb 
bilirubin, and this adsorption of bilirubin prevents the immediate 
coupling with the diazomum salt Much has been written in regard 
to the forces which are operating on the surfaces to cause these adsorp- 
tion effects One group of workers has taken the viewpoint that the 
reactions are purely physical, while others have insisted that the forces 
are those of chemical union It is no longer expedient to lay great 
stress upon this difference, since molecular attraction of every degree 

■ Bihnibm j3 dissolved m n/ 20 NaOH and 4 M phosphate mutures of pH 7 00 added 
The bdirubm remains in solution for some nunutes only, after which it precipitates 
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Monge (194) has found an increase in the bilirubin content of the 
blood some days after residence at high altitudes The over-activity 
of the blood forming and blood destroying tissues observed under 
those conditions, together with the effect of anoxemia to be discussed 
below might possibly explain this observation. 

The hyperbilirubinemia of infants is well known Thus from fifty 
newborn infants examined, Meyer and Adler (177) found only fifteen 
without signs of jaundice. The bilirubin content of those infants 
without j'aundice fluctuated from 0 6 to 0 9 mgm per cent in the blood 



taken from the arm, while the blood from the umbilical vein gave 
higher figures (from 0 9 to 2 1 mgm per cent) 

Sex seems to have no influence, although Schiff (252) states that 
bilirubinemia is higher in males than in females The wnter has 
been unable to confirm this observation 

RATHOLOGIC ALTERATIONS OE BILIRUBINEMIA 

The maintenance of the concentration of the blood bilirubin within 
normal limits is a result of the interplay of different factors which 
enter into the production and excretion of the pigment The number 
of erythrocytes in the blood and the rate of their destruction, the 
function of the reticulo endothelial system and the polygonal liver 





DlLrEUBINTMIA 


97 


cells, and the permeability of the bile ducts, are the most important 
factors for the maintenance of a normal blood bilirubin It follows 
that any isolated or combined alteration of one or all of these factors 
mil produce a derangement of the normal bihrubinemia, resulting in 
cither an increase or decrease of blood bilirubin 

J Ilypobtbrubtncmia 

Hypobihrubinemia has not received careful clinical attention, due 
to lack of sensitive methods of estimating minute amounts of bilirubin 
in the blood This condition is found in all secondary anemias where 
the blood lost bj hemorrhage is not promptly replaced It can also 
be assoaated wath alterations of the hematopoietic system (diminution 
of the number of red blood cells thrown into the general circulation) 
which have as a consequence a diminished production of bilirubin 
A state of hypobihrubinemia is found in the folloiving pathologic 
conditions (1) In chronic nephritis without cardiac complication 
(Landau and Held (146)), (2) in malignant tumours wathout liver 
metastasis or compression of the ductus cholcdochus, and (3) in 
seconday anemias, aplastic anemias, chlorosis Murphy (198) in 34 
cases of secondary anemia due to different conditions, finds a con- 
sistent hypobihrubinemia The diagnostic value of hypobihrubinemia 
in the differentiation of permcious anemia (hyperbilirubinemia) from 
aplastic or secondary anemia and malignant tumours is now well 
recognized 

2 nyperhihrubmetnia {jaundice) 

When the amount of bilirubin in the blood nses above 0 5 mgm 
per cent a condition of hyperbilirubinemia is reached If this hyper- 
bilirubinemia nses above 2 mgm per cent and lasts for some days, 
bilirubin diffuses through the blood capillanes giving to the skin and 
mucosas the charactenstic yellow colour which constitutes the basis 
of the chmeal syndrome, jaundice 
A state of jaundice can be produced by two main processes wluch 
wall enable us to divide this syndrome into two groups (1) Obstructive 
jaundice, where the primary and initial cause of this syndrome depends 
on obstruction to the normal bile excretion This group can be easily 
recogmzed by chemical tests, i e , direct Van den Bergh reaction on 
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the blood serum, presence of bilirubin in the urine, absence or scarcity 
of bile pigments in the stools (2) Noti-ohstruchve jaundice where the 
pnmary and imtial cause of the syndrome depends upon a deficiency 
of the bihrubin excretory function oi the polygonal liver cells, an insuf- 
ficiency produced by the action of bactenal or non-bacterial toxins or 
by prolonged anoxemia Very rarely an enormous overproduction of 
bihrubin can also produce this type of jaundice 

Seldom is this tj^ie of jaundice, which is merely a functional cellular 
insuj0&aency maintained in the initial phase During this period it 
will be charactenzed by hyperbihrubinemia, an indirect Van denBergh 
reaction, absence of bilirubin in the unne, increased bihrubin in the 
stools and the presence of urobilin in the urine Generally the patho- 
logic process advances further and as a consequence, there is actual 
destruction of the hepatic polygonal cell, eventually leading to dis- 
continmty and derangement of the bile canahcuh Dunng this second 
stage, the Van den Bergh reaction will be direct and bihrubin will be 
found in the unne, as will be explained later 

A Obstructive j aundice 

The mechanism of complete obstructive jaundice in its early stages 
has recently been studied by Bumstead and the wnter (12). After 
ligating the ductus choledochus, and cystic duct of dogs, we measured 
the blood bihrubin at different intervals and observed the Van den 
Bergh reaction The results were as follows first, there was an 
increase of the indirect Van den Bergh reaction, which appeared usually 
between the beginmng and end of the second hour after obstruction 
Following this penod the biphasic reaction appeared and usually lasted 
one to two hours Finally the direct reaction appeared 4 to 5 hours 
after obstruction, and remained as long as the obstruction persisted 
(figs 2 and 3) When obstruction was released, the sequence of the 
Van den Bergh reaction was reversed, i e , the direct reaction was 
replaced by the biphasic, then by the indirect and finally the reaction 
became negative (the dog has normally a negative Van den Bergh 
reaction) It was suggested that the first increase of the indirect type 
of reaction was due to a temporary reflex inhibition of the liver cell 
function due to ligation of the ducts This is comparable to the reflex 
anuria which may occur when the ureter is ligated It was also found 



BJrubin in blood serum 



Time after biliary obstruction 


FlO 2 ExrZRIMEMAI ODaTKUCmX JAITS-DICE I*t NcrnRECTOUISED DOOS CURVE OF 
Brood BtRiruniN and Van den Bergii Reactios i\ Larry OnSTrucrn'E 
Jaundice 



DayslZ 34 5 6 7 6910111213141516171619 1 2345676910 
Length of biliatv obstruction ITime after relief of 

obstruction 


Fio 3 Enperiuentir Obstpucttve Jaundice in Dogs Curve or Brood Birirddin 
DURING TiiE Whore Period or Obstruction ttrr 7 Days after Rereef of 
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that the direct reaction appears before any rupture of the bile capil- 
laries IS visible As the bile capillanes are dilated they extend between 
the liver cells as small distended pouches, the bhnd ends of these lying 
in contact with the capillary spaces Then diffusion of bile from these 
thin walled pouches into the perivascular spaces takes place, diffusion 
being favored by the mounting pressure within the bile ducts (as 
found by BoUmann, Sheard and Mann (24)) The latter was given 
as an explanation of the appearance of the direct Van den Bergh reac- 
tion These experimental studies have been confirmed by Mayo and 
Green (171), and they also have been frequently confirmed in this 
dime, by the observation of numerous cases of obstructive jaundice, 
and especially those produced by gaU stones where, when the jaundice 
begins to dimimsh the direct Van den Bergh reaction is changed into 
biphasic and then into indirect 

The mechamsm of complete obstructive jaundice of long standing is 
fairly well understood As shown by Eppinger (58) for the first time, 
and confirmed by Abramow and Samoilowicz (4) the bile canahculi, 
in these cases, are distended and tortuous, and as their walls are 
frequently ruptured, the bile empties into the pen-vascular lymph 
spaces Associated with this, some necrosis of the liver cells accom- 
pames obstructive jaundice (Ogata (207)) 

Obstructive jaundice can, therefore, be satisfactonly explained 
As the first period of hyperbilirubinemia assoaated with the indirect 
Van den Bergh reaction lasts only for a few hours, it can, for practical 
purposes, be discarded Obstructive jaundice may be charactenzed 
in the laboratory by hyperbilirubinemia with direct Van den Bergh 
reaction, the presence of bihrubin in the urine as soon as the renal 
threshold has been exceeded (about 2 mgm per cent of blood bilirubin), 
and the absence or scarcity of bile pigments in the stools Jaundice 
here appears more promptly than in the second group, probably be- 
cause of the physico-chemical condition of the bilirubin in the blood 
As it remains free from adsorption by the serum proteins, it is more 
easily diffusible and thus stains the tissues in general, and the skin and 
mucosas in particular, more qmckly than in the second group The 
degree of bihrubmemia will depend on the length of time and degree 
of obstruction, being more pronounced in cases of complete obstruc- 
tion, and wiU follow the same course as that observed in expenmental 
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obstructive jaundice (fig 3) Obstructive jaundice may be caused 
by the following pathologic conditions (1) An obstacle inside the 
lumen of the bile ducts, (2) alteration of the walls of the larger ducts, 
(3) a compression of the duct 

Among the first group, the most common cause of jaundice is 
clwlcltlliiasis Usually it is accompanied by all the symptoms of ob- 
structive jaundice Sometimes, however, it gives only slight transient 
jaundice (Mculengracht (181)), in which case the direct Van den Bergh 
reaction can be of diagnostic importance According to Kehr (123) 
about 30 per cent of all gallstone cases and 75 per cent of common 
duct stone cases have a history of jaundice Takata (260) reports 15 
cases of biliarj colic examined during or shortly after the attack in 
every one of which an increase m the amount of bilirubin was found 
without the presence of xisible jaundice 

Parasites may produce obstructive jaundice Mertens (174) re- 
ports 48 cases m which Ascarts lumbrtcoidcs, entenng the common bile 
duct from the duodenum, produced jaundice Recently, LabbS and 
Dcnoyelle (141) Fiessinger (68) and Panayotatou (209) have reported 
sirmlar cases Hydatids {Taenia echinococcus) are a frequent cause 
of obstructive jaundice in cattle raising regions Castex, Romano 
and Bcretervide (34) have related cases of hydatid cyst resembling 
the classic forms of obstructive jaundice 

Jaundice due to hydatid cysts can be produced in the following 
w ays (1) by rupture of the cysts into the lumina of bile ducts, (2) by 
mechanical compression of the bile ducts by a cyst developing in the 
interior portion of the liver (3) by complicated infections of the cyst 
or its surroundings (Tnas Pujol (265)) Panola hcpalica {Distomiim 
hcpaticiim), Opisthorchs Sinensis and Optslohorchis noverca have been 
found m the bile ducts (Rolleston and McNee (231)) 

The most common cause among the second group is cholangitis In 
its infective and suppurative form, it is usually associated with gall- 
stones Kretz (136) desenbes under the name of Icterus duodenalis a 
type of jaundice produced by inflammatory swelling of the duodenal 
mucosa and subsequent inflammation of the end portion of the ductus 
choledochus Cruvelhier (43) states that scars produced by the 
cicatrization of duodenal ulcer can give place to a stenosis of the ductus 
choledochus Moymham (197) reports 11 cases in which there was 
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that the direct reaction appears before any rupture of the bile capil- 
laries IS visible As the bile capillaries are dilated they extend between 
the liver cells as small distended pouches, the blind ends of these lying 
in contact with the capillary spaces Then diffusion of bile from these 
thin walled pouches into the penvascular spaces takes place, diffusion 
being favored by the mounting pressure within the bile ducts (as 
found by Bollmann, Sheard and Mann (24)) The latter was given 
as an explanation of the appearance of the direct Van den Bergh reac- 
tion These expenmental studies have been confirmed by Mayo and 
Green (171), and they also have been frequently confirmed in this 
clime, by the observation of numerous cases of obstructive jaundice, 
and especially those produced by gall stones where, when the jaundice 
begins to dimimsh the direct Van den Bergh reaction is changed into 
biphasic and then into indirect 

The mechamsm of complete obstructive jaundice of long standing is 
fairly well understood As shown by Eppinger (58) for the first time, 
and confirmed by Abramow and Samoilowicz (4) the bile canaliculi, 
in these cases, are distended and tortuous, and as their walls are 
frequently ruptured, the bile empties into the pen-vascular lymph 
spaces Associated with this, some necrosis of the liver cells accom- 
pames obstructive jaundice (Ogata (207)) 

Obstructive j'aundice can, therefore, be satisfactonly explained 
As the first period of hyperbilirubinemia assoaated with the indirect 
Van den Bergh reaction lasts only for a few hours, it can, for practical 
purposes, be discarded Obstructive jaundice may be charactenzed 
in the laboratory by hyperbihrubinemia with direct Van den Bergh 
reaction, the presence of bihrubin in the unne as soon as the renal 
threshold has been exceeded (about 2 mgm per cent of blood bilirubin), 
and the absence or scarcity of bile pigments in the stools Jaundice 
here appears more promptly than in the second group, probably be- 
cause of the physico-chemical condition of the bilirubin in the blood 
As It remains free from adsorption by the serum proteins, it is more 
easily diffusible and thus stains the tissues m general, and the skin and 
mucosas in particular, more quickly than in the second group. The 
degree of bilirubinemia will depend on the length of time and degree 
of obstruction, being more pronounced in cases of complete obstruc- 
tion, and will follow the same course as that observed in expenmental 
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obstructive jaundice (fig 3) ObstrucUve jaundice may be caused 
by the following pathologic conditions (1) An obstacle inside the 
lumen of the bile ducts, (2) alteration of the n alls of the larger ducts, 
(3) a compression of the duct 

Among the first group, the most common cause of jaundice is 
Mehthiaus Usually it is accompanied by all the symptoms of ob- 
structn e jaundice Sometimes, how ever, it gives onlj slight transient 
jaundice (Mculcngracht (181)), in which case the direct Van denBergh 
reaction can be of diagnostic importance According to Kchr (123) 
about 30 per cent of all gallstone cases and 75 per cent of common 
duct stone cases have a history of jaundice Tahata (260) reports 15 
cases of biliarj colic examined during or shortly after the attack in 
every one of which an increase in the amount of bilirubin was found 
without the presence of visible jaundice 

ParasUes may produce obstructive jaundice Mertens (174) re- 
ports 48 cases in w hicli Ascans lumbncoides, entenng the common bile 
duct from the duodenum, produced jaundice Recently, Labbf and 
Dcnoyelle (141) Fiessinger (68) and Panaj otatou (209) have reported 
similar cases Hydatids {Tacnta echinococcus) arc a frequent cause 
of obstructive jaundice in cattle raising regions Castex, Romano 
and Bcretcrvidc (34) have related cases of hydatid evst resembling 
the classic forms of obstructive jaundice 


Jaundice due to hydatid cj'sts can be produced in the following 
Ways (1) by rupture of the cysts into the lumina of bile ducts, (2) bv 
mechanical compression of the bile ducts by a cy st developing m the 


intenor portion of the liver (3) by complicated infections of the cyst 
or its surroundings (Tnas Pujol (265)) Factola hcpaltca [Dtstomum 
hefattcum), Opisthorchis Sinensis and Opislohorcfus noicrca have been 
found in the bile ducts (Rollcston and McNee (231)) 

The most common cause among the second group is cholangitis In 
Its infective and suppurative fornf, it is usually associated with gall- 
stones Kretz (136) describes under tJic name of Tclcnis duodeiwlts a 
type of jaundice produced by inflammatory swelling of the duodenal 
muTOsa and subsequent inflammaUon of the end portion of the ducfii<! 
e oledochus Cruvelhier (43) states that scars produced by the 

rhol a can give place to a stenosis of the ductus 

choledochus Moymham (197) reports 11 cases in which them wa^ 
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jaundice consequent to cicatrical contraction of the duodenal ulcer 
involving the papilla (see also Bickel (20)) Beingolea (18) reports 
a case of jaundice produced by duodenal diverticulum Pnmary 
tumours of the bile ducts, though rare, (Miller (189)) are among this 
group Airesia and congemtal stenosis of the tile ducts, sometimes seen 
m infants, (Frensdorf (81) and Hallez, (96)) are also causes of obstruc- 
tive jaundice 

Among the third group there are in the first place, tumours compress- 
ing the bile ducts Primary tumous of the hver give nse to obstructive 
jaundice only •when by their gro'wth they compress large bile ducts 
(Counseller and Mclndoe (41), Srmth (254)), This is in accordance 
•with the observation of McMaster and Rous (185), on the amount of 
biliary obstruction reqmred to produce jaundice The bile ducts from 
three fourths of the liver substance in dogs and monkeys could be 
obstructed •without any clinical e-vidence developing of pigment or 
cholate accumulation in the organism 

Malignant tumours of the duodenum, especially of the papilla of Vater 
(LetuUe (152)) are accompanied by jaundice In some cases of tumours 
of the papilla of Voter, Carnot (37) has observed intermittent j'aundice 
before the development of a permanent jaundice Malignant tumours 
iwool'oing the head of the pancreas are frequent causes of jaundice 
(Fo^wler (78)). Millane (190) finds that j'aundice occurred in 82 cases 
out of 113 cases of tumours of the pancreas Whether chronic pan- 
creatitis will or will not compress the common bile duct depends on 
the anatomical relation of the ductus choledochus to the head of the 
pancreas In 38 per cent of the cases the duct passes behind the head 
of the pancreas, and in these cases chrome pancreatitis need not com- 
press the common bile duct In 62 per cent of the cases the common 
bile duct is imbedded in the head of the pancreas (Helley (101)) and 
in these cases jaundice usually occurs Gummatous infiltrations in 
and around the head of the pancreas cause rare cases of jaimdice. 
Pancreatic cysts seldom press on the hver ducts and produce jaundice 
(MePhedran (186)) Hemorrhagic pancreatitis maj'^ be assoaated 
•with jaundice Large pancreatic calculi in the ampulla of Vater or 
in the termination of Wirsung’s duct, compressing the terminal part 
of the common bile duct, may give nse to jaundice (Gould (90), 
Kinnicut (127), Murray (200)) 
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Enlarged glands of the Iicpaltc pedicle can also produce obstructive 
jaundice, tins enlargement being the consequence of intrahepatic 
inflammation, malignant disease, tuberculosis, syphilis, lymphadenoma 
and Hodgkin’s disease Jean (117), Potosching (215), Hiibsch (114) 
report cases of jaundice produced by tuberculous glands of the hepatic 
pedicle Pepper (211) reports a case of jaundice due to compression 
of the hepatic pedicle by an enlarged gland in a case of Hodgkin’s 
disease Jaundice is a common complication of carcinoma of the 
stomach and Fenwick (65) reports the presence of jaundice in 13 7 
per cent of cases 

Aneurism of Ihc abdominal aorta near the coehac plexus may press on 
the common bile duct and so cause jaundice and dilatation of the gall 
bladder (Dickinson (52)) Aneurism of Ihc hepatic artery may com- 
press the bile ducts above the entrance of the cystic duct (Rolland 
(233)) Aneurism of the superior mesenteric artery near its origin from 
the aorta has been known to compress the bile duct and give rise to 
jaundice (Willson (280)) Scholl (248) reports a case of jaundice due 
to movable kidney Ilcpaloptosis can also produce jaundice (Howell 
(1 13) Steele (256)) Poynder (216) reports that ovarian tumours can 
also be the cause of jaundice 

Obstructive jauni cc, espeaally when the obstruction is not com- 
plete, may last for a considerable length of Ume without endangering 
the life of the patient Wangensteen (274) reports a patient who 
lived for 3 years 

B Non obstructive jaundice 

a Non-obstructive jaundice followed by liver cell necrosis 

The essential feature of this group is that jaundice starts as a conse- 
quence of an insuffiaency of the polygonal liver cells giving place to a 
retention of the blood bilirubin Let us for convemence make a dia- 
gram of a portion of the liver (fig 4) Normally the bilirubin which 
diffuses from the blood capillaries into the penvascular spaces is taken 
up by the polygonal liver cells and excreted into the bile canaliculi 
and from thence to the intestine If this excretory function of the 
liver cells becomes damaged to a suffiaent degree, or the damage being 
of lesser degree, if there is associated with it an increased production 
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of bilirubin, some of the pigment 'will be retained and a condition of 
h3^erbihrubinemia results This bihrubin being adsorbed by the 
serum proteins is more or less protected from kidney excretion, and, to 
acertam extent, from diffusion through the blood capiUanes in general. 
As a consequence the chnical symptom of jaundice "Will be reached only 
after the h3q)erbilirubinemia has lasted for some days An indirect 
Van den Bergh reaction assoaated with hyperbihrubinemia and 
absence of bdirubin in the unne will therefore be the charactenstic of 
this phase of non-obstructive jaundice vath necrosis But the patho- 
logical process seldom stops at this phase Generally, the damage of 



Fig 4. Diagram Representing A Section through the Liver Parenchyma 

1 Normal liver A, polygonal hver cells, B, penvascular space, C, blood capillary, 
D, Kupffer cell. 

2 Pathologic h\ er, showing polygonal hver cells at different stages of degeneration. 

the hver cell increases, and, as a consequence, some of the cells reach 
the final state of destruction The continmty of the bile canahculi 
having been destroyed, it is obvious that some of the bile will reach 
the penvascular spaces and diffuse into the blood capillaries The 
above represents the second stage of this jaimdice group, where the 
Van den Bergh reaction is direct, jaundice is more intense, and 
bihrubm is found in the unne If the body overcomes the pathological 
process, the hver cells regenerate, and the discontinuity of the bile 
canahcuh having disappeared, the Van den Bergh reaction wiU become 
mdirect, remaimng above the normal hmits until the cells have re- 
covered their normal function The Van den Bergh reaction in the 
average or severe cases of this type of non-obstructive jaundicebehaves 




BIURDBINEUIA 


105 


in the same i\ay as it does in obstructive jaundice However, there 
IS this important difference that here tlie indirect Van den Bergh 
reaction lasts a longer time and changes into the direct type only as a 
consequence of cellular destruction It is in the study of this type 
of jaundice that Van den Bergh's contnbution has been of the utmost 
value, not only for differential diagnosis but especially for prognosis 
If bemgn cases of this group are accompanied by an indirect Van den 
Bergh reaction, the transformation of the Van den Bergh reaction into 
the direct type wall be the consequence of a severe cellular damage 
leading to necrosis of the polygonal cell The greater the severity of 
die liver cell damage, the greater will be the bihrubmema If the 
inflammatory process has subsequently produced the obstruction of 
bile capillaries or bile ducts (cholangitis) there will also be more or 
less decoloration of the stools However, its distinctive feature and 
progress will remain invariable, as above outlined 

Two main groups belong to this type of jaundice (I) infectious 
jaundice, (II) toxic jaundice 

Jiifcctious jauiidtcc 

The modem conceptions of the pathogenesis of infectious jaundice 
have been based on the rescarclies of Chauffard, lA'idal and his col- 
laborators, and it required a long time to relinquish the old classical 
theones based on Vichow’s observations, namely, that this Lind of 
jaundice was produced by’ occlusion of the bile ducts, and that tlie 
infection was of intestinalongin, being transmitted to the liver via the 
bile ducts It IS of interest to recall that Chauffard (48) was the first 
to point to the insuffiaency of the liver in catarrhal jaundice, this fact 
resulting from his expenments on alimentary glycosuna and inter- 
mittent elimination of methylene blue Whether jaundice appears as 
a complication in the course of a general infection or whether it is the 
main symptom of the malady, the course of events is the same, 
infectious hepatitis, damage of the liver cell, with impairment of its 
functions It is not until some time later, as the infection progresses, 
that a cholangitis develops, and the classic bile thrombi may be seen 
within the lumen of the bile capiUanes Infectious jaundice can be 
divided into two groups, pnmary and secondary But either one or 
the other form will follow the same evolution 
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Sometimes the infection is of a bemgn type, and liver damage is 
recogmzed only by the presence of hyperbilirubinemia with an indirect 
Van den Bergh reaction, urobdmuria, absence of bilirubin in the urine 
and subicterus Generally the infection produces a destruction of 
some hepatic cells, and subsequent cholangitis, and the jaundice will 
become more evident with the development of a direct Van den Bergh 
reaction Chauffard says “en matiere d’lctere infectieux, depuis 
I’lctere catarrhal le plus simple jusqu’a I’lctere grave le plus rapidement 
mortel, tous les intermediaires existent ” The nature of the organism, 
the intensity and duration of the infection, the locahzation and variety 
of the hepatic lesions are the factors which govern the degree and char- 
acter of bihrubmemia, and determine the chmcal course of the disease 

Primary infectious jauiidice Under this group are considered those 
cases where the initial septicemia has attacked the liver pnmanly 

Spirochetal jaundice, not infrequent in the United States (Sailer 
(242), Hayman (100)), is a very well known chmcal entity since the 
discovery of its causal agent {Spirocheta ictero-hemorrhagica, by Inada 
and Ido) Jaundice starts 4 or 5 days after the onset of the malady, 
and reaches its maximal intensity 2 or 3 days later There have been 
no reports of the degree and quality of bihrubmemia dunng the first 
days and the only available figures are those found when jaundice is 
an obvious sjmiptom 

Yellow fever Generally jaundice makes its appearance on the third 
day of the malady but at times is recognized on the second day, or 
even may not be defimtely present during life, or recogmzed only 
shortly before death The Van den Bergh reaction according to 
Klotz and Simpson (132) gives a high indirect type when performed one 
day before the appearance of jaundice Afterwards it becomes direct 

Catarrhal jaundice Amild infectious jaundice with varied etiology, 
it is a common disease In numerous cases the presence of Bacillus 
paratyphosus m the blood has been reported (S Coste, Boyer and 
Montel (39, 40), Sacquepee (239), Frankel (80) Sarraile (240) Canta- 
cuzene (32)) More rarely Bacillus typhosus (Savy and Delachanal 
(241)) and Bacillus coh (Widal, Lermerre and Benard (276)) have been 
isolated Unfortunately, m the vast majority of cases in this country, 
it has not been possible to isolate the germ which is the underlying 
cause of catarrhal jaundice 
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Secondary tnjecltotis jaundice Numerous infections are com- 
plicated by jaundice Pneumonia is frequently accompanied with 
hyperbilirubinemia and clinical jaundice There has been some dis- 
cussion about the origin of jaundice in pneumonia Banti (10) thought 
that It was of hemolytic nature and m support of this theory Pollack. 
(213), Herzfeld and Steiger (105) reported the presence of bilirubin in 
the sputum But as Feigl and Querner (64) pointed out, the hepatic 
nature of tlus sort of jaundice is now clear To the initial infectious 
hepatitis, sometimes a condition of ano\enua is added, which can 
preapitatc or increase the jaundice Lundsgaard (157) observed a 
decrease in the content of the oxygen of the capillary blood in 10 to 20 
per cent of patients with lobar pneumonia Hastings and coworkers 
(99) in 10 cases of pneumonia, found 8 in which on one or more occa- 
sions there was an arterial saturation of oxygen below 90 per cent In 
SIX cases the arterial saturation was below 85 per cent, a level of artenal 
saturation at which s> mptoms of mountain sickness may begin in nor- 
mal individuals who are transferred to high altitudes (Bancroft et al 
(ll),Monge(194)) Bingcr(22)in 130 patients with lobar pneumonia 
finds that SO per cent of them show an oxygen saturation between 80 
to 89 per cent Radvig (220) observed in a series of nine patients wn th 
lobar pneumoma, one case with direct reaction, two with biphasic 
reaction and four with high indirect reaction Schiff (246) reports 
clinical jaundice in 21 out of 826 cases of lobar pneumonia, of which 
onlj eight died, and concludes that jaundice is not of serious prognostic 
significance Although the presence of hyperbilirubinemia with indi- 
rect Van den Bergh reaction is of no serious prognostic significance, 
the wnter is of the opinion that a direct Van den Bergh reaction in 
pneumoma must be senously considered as it indicates an advanced 
hepatitis The prognosis is particularly senous when jaundice occurs 
during pneumoma m children 

Jaundice m syphilis Earlj' jaundice during the secondary manifes- 
tations of syphilis has often been reported, and recently O’Learv, 
Greene and Roivntree (208) mention one case in which the bilirubi- 
nemia, when the jaundice was already established, reached 7 9 mgm 
per cent, the reaction being of the direct type Late jaundice in 
untreated syphilis is ordinarily a result of interference with the outflow 
of bile bj a gumma of the liver or scarnng of the liver Jaundice can 
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follow an initial injection of arsphenamine due to the Herxheimer 
reaction, which is charactenzed by an exaggeration of the local 
inflammatory process 

Many other infections may produce jaundice as a complication, its 
pathogenesis being the same as in all cases of infectious jaundice, e g , 
streptococcus infections (Abrami, Richet and Monod (3), scarlet fever 
(Meunsse (175), Izard (115)), gonoccous infectious (Raynaud, Mont- 
pellier and Boutin (222)), appendicitis (Caplesco (33)), infectious 
mononucleosis (Mason (169)), influenza (Crawford (42)) 

To give a long table indicating the degree of bihrubinemia found in 
the dime in these different forms of jaundice would be superfluous 
When the infection is of mild nature and produces only a moderate 
hepatitis with slight cellular insufficiency, there will be a moderate 
hyperbihrubmemia, with indirect Van den Bergh reaction Chmcally 
there will be no jaundice or a slight degree of jaundice in the mucosas, 
especially the conjunctiva If the infection has been more intense and 
as a consequence some hepatic cells have been destroyed, thus break- 
ing the continuity of the bile channels, the jaundice will become obvi- 
ous, the hyperbilirubinemia will increase, and the Van den Bergh 
reaction will become direct In infectious jaundice as well as m toxic 
jaundice all degrees of bihrubinemia are observed 

Toxic jaundtee 

Intoxications as well as infections produce in the liver a similar senes 
of effects resulting in the degeneration and death of the hepatic cells 
When the intoxication is shght the liver damage may be of so imld a 
nature that no clinical sjonptoms of jaundice are found The liver 
insufficiency will be recognized only after the performance of func- 
tional tests Hyperbilirubinemia with indirect Van den Bergh reac- 
tion will be generally present When the intoxication is of more 
severe type, the cellular degeneration produces the destruction of more 
or less extended areas of liver parenchyma Jaundice, hyperbilirubi- 
nemia with direct Van den Bergh reaction will be present, the mech- 
amsm of its production being the same is in infectious jaundice 
Granting the same degree of cellular damage, the degree of hyper- 
bihrubinemia will depend upon whether the toxic substances act on the 
liver cell alone or whether they produce at the same time an increased 
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destruction of red blood cells (hemolytic poisons) As non-obstructive 
jaundice is a function of two factors, e g , the efficiency of the liver 
cell and the degree of bilirubincmia, it is obvious that hyperbilirubi- 
nemia Mill be found if to a liver cell, slightly msuffiaent, but still 
able to excrete the bilirubin from the blood when present in normal 
amounts, is associated an increased red cell destruction 



1 10 5 Bn.iRUDivEsa\ IN Akspuenasitne Jaundice 

1 Twenty days after treatment (Rcccncdat the Climc with symptoms of jaundice ) 

2 Ten days after treatment 

^ Indirect Van den Bcrgb reaction 

O Biphasic reaction 

+ Direct reaction 

Arsphenamine jaundtee Since the introduction of salvarsan and 
Its allied compounds in the treatment of syphilis, varying degree of 
hepatips have resulted from their use, which sometimes end in death 
This is due to the poisonous effect of the drug or of its decomposition 
products Isolated opinions denying the toviaty of arsphenamin 
(Millian (191)) are unfounded and have been contradicted by unfor- 
tunate experiences, where the death of the patient follow ed continua- 
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tion of salvarsan injections, after j'aundice had appeared as a com- 
plication of treatment (Ravaut (221)) Jaundice can occur a few days 
after treatment (early jaundice) or several weeks after the end of a 
course of treatment (late jaundice) (Report of Salvarsan Comnuttee 
of the Medical Research Council (173)) The earliest jaundice after 
salvarsan treatment has been reported by Stumpke and Bruckmann 
(259), who found jaundice two hours after the injection Generally, 
however, it is from 10 to 20 days after treatment that jaundice be- 
comes mamfest. 

Early j'aundice is usually of a imld evanescent character and seldom 
severe and persistent On the other hand, late j’aundice is more serious 
and prolonged, and may sometimes be an expression of acute yellow 
atrophy of the liver Gerard (83), from 370 cases of S5^hilis treated 
with arsphenamine, finds that 281 did not show hyperbihrubmeima 
at any time However, there was hyperbilirubinemia in 89 cases, i e , 
in 24 per cent of the cases Friedeman (82) states that 35 per cent of 
his cases showed hyperbilirubinemia 

Martin and the writer,® studying cases of arsphenamine jaundice 
have found that the evolution of bihrubinemia and the Van den Bergh 
reaction follow the same steps as those already descnbed as character- 
istic of this group of jaundice (fig 5) The first phase of hyperbili- 
rubinemia with indirect Van den Bergh reaction can be recogmzed only 
when doing bilirubin determinations continuously and before any 
chnical signs of jaundice are noticed, the second and third phases 
(i e , biphasic and direct Van den Bergh reactions) are found as soon 
as chmcal jaundice is present The last phase of hyperbilirubinemia 
with indirect reaction lasts for many days, shoiving evidence of the 
slow recovery from a complete hver efliaency 

Patients with high bihrubinemia, indicatmg, of course, damage to 
the hver, should be protected from further damage by withholding 
salvarsan (Dixon, Campbell and Hanna (53)) The Van den Bergh 
reaction and bihrubm deterimnations must be continuously performed, 
not only dunng arsphenaimne treatment, but especially before the use 
of the drug "When arsphenamine is administered to a patient having 
a bilirubinemia of about 5 mgm per hter, the use of the drug must be 
suspended as soon as this bihrubinemia begins to increase 

3 Unpublished observations 
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The toxic efTect of chloroform on the liver cells is very iv ell known, as 
It IS frequenth employed for experimental purposes Drury and Rous 
(54) found tint after prolonged chloroform anesthesia there was an 
acute suppression of bile, as cndenced by the secretion of “white bile” 
from w hich bilirubin, cholesterol, and bile salts iv ere absent This bile 
suppression was found to be due to a disturbance of the excretory 
pow er of the liver cells 

Carbon tetrachloride as a spcafic poison of the liver cells has been 
reported by Lamson and his associates (142-145) The toxic efTect 
of phosphorous on the liver cell is very \\ ell known Other drugs have 
been mentioned as capable of producing toxic jaundice, e g , atophan 
(Klinkert (131)), biloptin or diiodoatophan (Schwarz (250)), luminal 
(Ncber (201)), acetylene tetrachloride (Schibler (245)) 

During the great war picric acid was used to simulate jaundice 
!Mcrklen (176), BruI6, Javillicr and Bacckcroot (30) were able to 
demonstrate that picric acid when taken during prolonged periods 
can produce a toxic hepatitis, and as a consequence, a true jaundice 
can result 

Roentgen ray irradiations can also produce toxic jaundice Cameron 
and ricclier (31) relate two cases, one of carcinoma of the pancreas 
■without liver involx'cmcnt, and the other of carcinoma of the pylorus, 
■where two dajs after exposure to Roentgen rays, there was a nse in 
the bihrubinemia Case and Warthin (36) also mention the occur- 
rence of hepatic lesions in patients treated b> intensive deep Roentgen 
radiations 

The action of ultraviolet rays has been studied by Pennetti (210) 
He exposed dogs to the action of ultranolet rays and detenmned the 
number of red blood cells, hemoglobin and bihrubinemia He found 
a small increase of red blood cells and hemoglobin after the first few 
days, due to the stimulating action of these rays upon the hemopoietic 
organs and bone marrow in particular The bihrubinemia remained 
constant After this came a second penod mth diminution of red 
blood cells and hemoglobin, accompanied bj an increase of bilirubi- 
nemia, which disappeared rapidly after suspension of treatment 

Mercury has a more selective action upon the kidneys, but cases 
have been reported where it also produced hepatic lesions resulting 
in jaundice (Fiessmgcr (69), and LetuUe, Le Noir, Oettinger (153)) 
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In this dinic the writer has observed a case of mercury intoxication 
where there was a biphasic reaction with a bihrubmemia of 1 5 mgm. 
per cent 

Tetrachlor ethane (employed in the fabrication of artificial pearls) 
when absorbed in the vapor state by inhalation, can produce jaundice 
(Wdcox (279), Fiessmger, Brodin and Wolf (70)) Trinitrotoluene, 
used during the war as an explosive in shells, and dimtrobenzol, are 
also responsible for the production of jaundice (Spilsbury, Turnbull 
and Stewart (255)) 

Among the foodstuffs capable of producing toxic jaundice, mention 
must be made of j'aundice produced by mussels (Fiessinger and Ravina 
(71)), and poisonous mushrooms 

Lead, toluylenediamine, and acetic acid all produce jaundice by a 
double mechanism To their toxic effect upon the hver cells has to be 
added their hemolytic action on the red bloo d cells Asa consequence, 
j'aundice will appear as an early symptom These cases of toxic jaun- 
dice are extremely interesting as they throw light on the pathogenesis 
of many cases grouped under the name of “hemolytic jaundice ” Let 
us take acetic acid (Kaznelson (121), Landau (146)), or intoidcation 
by lead (Lewin (155)), since both have the same form of action When 
one of these toxins is administered in small doses, there is first an 
increased destruction of red blood cells, soon followed by a slight insuf- 
ficiency of the liver cells with concomitant hyperbihrubinenua Here 
the h 3 rperbLhrubmeima is produced by two combined factors, either 
of which, when separated, would not alone be able to produce bihrubm 
retention The Van den Bergh reaction in this case is indirect If 
the amoimt of toxin is increased, there is produced a j'aundice similar 
to an ordinary catarrhal jaundice In both cases injury of the liver 
can progress to the so-called yellow atrophy Toluylenediamine 
jaundice has an interest because it has been widely used for experi- 
mental purposes, and its pathogenesis has been the subject of many 
discussions Formerly considered as a true hemolytic jaundice, today 
its hepatic nature is undoubted, as confirmed by Eitel’s (56), and 
Yuasa’s (287) recent investigations The nature of the jaundice pro- 
duced by phenylhydraime (a drug used in the treatment of poly- 
cythemia vera) has been recently investigated in Aschoff’s laboratory 
by Alcobe (2) and Abeloff and Hummel (1) Unfortunately their 
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contradictor 5 ' experiments cannot be regarded as conclusive and the 
solution of this problem requires further research It is probable, 
tliough not yet proved, that phenjlhydrazinc acts m the same way as 
tolujlencdiammc does, i e , by impairing the excretory function of the 
liver cells and at the same time, by producing, due to its hemolytic 
properties a sudden increase m the bilirubin formation 
Cardiac jaundice The cause of jaundice in circulatory failure has 
been from time to time the source of discussion, owing to the difference 
of opinion as to whether the hepatic lesion was due to a circulatory 
disturbance or whether to a toxic factor, bacterial or non-bactenal 
Oertcl (206) came to the conclusion that jaundice was not due to an 
hepatitis, but was most probably due to a mechanical cause in the form 
of chronic stasis Mallory (165), on the other hand, held that the dis- 
appearance of liver cells in chronic passive congestion was the result 
of bacterial necrosis Bolton (25), studying experimental venous pas- 
sive congestion of the liver, came to the conclusion that the mechan- 
ical factor of stasis was the only cause in these cases Meakins (172) 
gives as a cause of stasis the slowing of the circulation, aggravated by 
anoxic-anoxcmia Fischborg (76) explains this jaundice by the com- 
bination of two factors (1) injury to the liver cells by chronic passive 
congestion and, (2) increased destruction of red cells Eppinger (59) 
considers that the chief source of hyperbilirubinemia is the multiple 
hemorrhagic infarcts w hich occur so readily in the congested lungs and 
speaks of the similarity of the histologic picture of the spleen in chronic 
passu e congestion and hemolytic jaundice 
It is now generally agreed that chronic passive congestion which 
sexercly injures and often destroys many liver cells about the efferent 
veins of each lobule, is the fundamental cause of the hyperbilirubinemia 
present in cardiac failure Two theories have been formulated to 
explain its production (1) that the cells are damaged by pressure 
from the dammed-back blood, and, (2) that they are damaged by the 
defiaent supply of oxygen Rich (229), in collaboration with Bum- 
stead, observed that in pernicious and secondary anemias as well as 
in expenmentally produced anemias, the cells about the efferent veins 
of each liver lobule may be damaged m a manner often indistinguish- 
able from that accompanying chronic passive congestion, and he put 
forward the opinion that the damage to the liver cells in chronic passive 
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In this dime the writer has observed a case of mercury intoxication 
where there was a biphasic reaction with a bihrubinemia of 1 5 mgm 
per cent 

TetrachloretJiaiie (employed in the fabrication of artificial pearls) 
when absorbed in the vapor state by inhalation, can produce jaundice 
(Wilcox (279), Fiessmger, Brodin and Wolf (70)) Tnmlrotohiene, 
used during the war as an explosive in shells, and dinitrobenzol, are 
also responsible for the production of jaundice (Spilsbury, Turnbull 
and Stewart (255)) 

Among the foodstuffs capable of producing toxic j'aundice, mention 
must be made of jaundice produced by mussels (Fiessmger and Ravina 
(71)), and poisonous mushrooms 

Lead, toluylenedtaimne, and acetic acid all produce jaundice by a 
double mechamsm To their toxic effect upon the liver cells has to be 
added their hemolytic action on the red blood cells As a consequence, 
jaundice will appear as an early symptom These cases of toxic jaun- 
dice are extremely interesting as they throw hght on the pathogenesis 
of many cases grouped under the name of “hemolytic jaundice ” Let 
us take acetic acid (Kaznelson (121), Landau (146)), or intoxication 
by lead (Lewin (155)) , since both have the same form of action When 
one of these toxins is administered in small doses, there is first an 
increased destruction of red blood cells, soon followed by a slight insuf- 
ficiency of the liver cells with concomitant hyperbihrubinemia Here 
the hyperbihrubinemia is produced by two combined factors, either 
of which, when separated, would not alone be able to produce bilirubin 
retention The Van den Bergh reaction in this case is indirect If 
the amount of toxin is increased, there is produced a jaundice similar 
to an ordinary catarrhal jaundice In both cases injury of the liver 
can progress to the so-called yellow atrophy Toluylenediarmne 
jaundice has an interest because it has been widely used for experi- 
mental purposes, and its pathogenesis has been the subject of many 
discussions Formerly considered as a true hemolytic jaundice, today 
Its hepatic nature is undoubted, as confirmed by Eitel’s (56), and 
Yuasa’s (287) recent investigations The nature of the jaundice pro- 
duced by phenylhydraiine (a drug used in the treatment of poly- 
cythemia vera) has been recently investigated in Aschoff’s laboratory 
by Alcobe (2) and Abeloff and Hummel (1) Unfortunately their 
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serum and concluded that this bihrubincmia vas caused by the action 
of anoxemia It is well known, since Lamson’s observations, that 
carbon tetrachloride alone produces bilirubinerma from 24 to 48 hours 
after the administration of the drug Ridi and the wnter (15) have 
kept dogs under reduced oxygen tension (from 6 to 8 per cent oxygen 
content) for a period of 8 to 10 dajs At the end of this penod, bili- 
rubin was injected intrax enously and its concentration measured in 
the blood of these animals at definite intcrxals thereafter The curves 
obtained were compared to those found under normal conditions In 
anoxemic dogs there was an obxaous decrease in the rate of bilirubin 
excretion (fig 6) thus showing conclusively that the liver cells are very 
susceptible to anoxemia 

The reason for tlic frequency, evolution and appearance of jaundice 
in cardiac disease becomes thus quite clear Anoxemia must be 
present over a long penod in order to produce sufficient liver damage 
Clinical expen ence obviousl> confirms tlus view , as hyperbdirubinemia, 
when occtirnng in heart disease, is present only in the chronic forms 
The greater frequencj of jaundice in mitral disease is also easily com- 
prehensible The anoxemic condition of the liver caused by chrome 
passive congestion, produces an msuffiaency of the hver cells and 
gives nse to a hyperbilirubinemia with an indirect Van den Bergh 
reacbon This state of latent jaundice is often masked by the diffi- 
culty in recognizing the colour of the skin due to the accompanying 
cyanosis When cardiac failure is complicated wnth infarcts of the 
lungs, jaundice is speaally apt to occur (Eppinger (60), Libman 
(156), Rich and Resnik (229) and Keefer and Resmk (126)) In this 
condition the pathogenesis is explained on the same basis, for the exist- 
ing anoxemia has been increased, the damage to the hver cells is sud- 
denly exaggerated, and the latent jaundice is then transformed into 
climcal jaundice The Van den Bergh reaction becomes either biphasic 
or direct, depending on the proportion of hver cell destruction 

Cirrhosis of the hver The degree of hj^perbihrubinemia in arrhosis 
of the hver depends on the extent of the chronic inflammation pro- 
duced bj the causal agent (toxins, infections, parasites), and the exten- 
sion and distnbubon of the fibrous reaction In portal cirrhosis, 
either of the Laennec or the hypertrophic type, the insuffiaencj of the 
hver cells, at least at the early stages, can ordinanly be discovered onlj 
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by studying the ability of the liver to excrete bilirubin intravenously 
injected (von Bergman (17)) Occasionally, there is found in portal 
cirrhosis, a shght degree of hyperbihrubinemia (Gilbert, Herscher 
and Posternack (86), Diamond (50)), and the Van den Bergh reaction 
is always indirect Clinically, j’aundice is generally absent and appears 
only during the late stages of the disease, when there is increased cell 
destruction or obstruction of many bile canahculi by the fibrous tissue 
reaction, in which case the Van den Bergh reaction becomes biphasic 
or direct Green, McVicar, Snell and Rowntree (95), in eleven cases 
of the Laennec tj^pe of cirrhosis, found three cases showing the direct 
Van den Bergh reactions (from 2 9 to 1 6 mgm per cent) In cases 
of biliary cirrhosis, h)^erbihrubinerma is more marked, j'aundice is a 
constant symptom, and the Van den Bergh reaction is direct 

Jaundice in pregnancy 

The function of the liver in pregnancy has attracted considerable 
attention, as pathological alterations of this organ are frequently found 
m comphcated pregnancy (eclampsia, hyperemesis gravidarum) 
Tarmer and Blot speak of an hepatic insufficiency present in pregnancy 
Hofbauer (110) maintains that as a consequence of the compression of 
the gravid uterus there is a venous stagnation of the liver which may 
produce definite alterations of the parenchyma (fatty degeneration of 
the hver cells, deficiency of the stored glycogen) He calls this state 
of hver insufficiency, “Schwangerschaftsleber ” Westphal (275) 
speaks of an increased excitability of the vagus which would produce a 
spasm of the bile ducts and a consequent bile stagnation These theo- 
retical considerations have not yet found positive evidence Although 
most of the authors (Mikeladse (192), Eufinger and Bader (63), 
Schulntz (247), Breda (27), Schmidt (243) report a slight hyperbih- 
rubmemia (not over 0 7 mgm per cent) in normal pregnancy, which 
falls to normal after delivery, the true nature of this hyperbilirubinemia 
has not yet been clearly established It would be of interest to test 
the bilirubin excretory power of the liver of normal pregnant women 
with the intravenous injection of bilirubin since with this test, slight 
hver insufficiencies can be detected But if hyperbilirubinemia has 
no importance in normal pregnancy, its presence in diseases of preg- 
nancy IS certainlv pf great importance Heynemann (106) advised 
‘Y ' 
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that all cases of pregnancy hating over 1 mgm per cent of bilirubin 
in the blood scrum be observed carefully Hyperemesis gravidarum 
and eclampsia arc often accompanied by jaundice, and Eufinger and 
Bader (63) in 20 cases of hypcrcmcsis found 8 cases m ith direct V an den 
Bcrgh reaction, and in IS cases of eclampsia observed 8 cases with 
direct Van den Bcrgh reaction All the authors agree upon the fol- 
lowing conclusions The estimation of bilirubin in the blood serum of 
these patients is of great \ aluc in prognosis, since there is a parallelism 
betivcen the gratutj of the s>mptoms and the degree of bihrubinemia 

b True iion-obslrticlu'c jaundice 

The nature of true non-obstructive jaundice has been and still is 
the subject of much controversy Catalogued by the majority of 
authors under the title of “hemolytic jaundice,” it was considered as 
due essentially to an increased red cell destruction, and overactivity of 
the centers -nhcrc their destruction takes place It seems that these 
investigators, impressed only by one of the factors which enter into 
the production of jaundice o\ erlooked the other factor, i c , the effi- 
cicncj of the liver cell in excreting bilirubin 

Rich‘ has recently pointed out that to maintain a persistent non- 
obstructive jaundice a combination of two factors are almost always 
required (1) an increased bilirubin production, and, (2) an insuffi- 
ciency of the li\ er cells The question anscs “what may cause insuffi- 
aency of the liver cells’” The expenments of Rich and the writer, 
previously cited, demonstrated that by the sole action of prolonged 
anoxemia in dogs the following phenomena resulted (1) a diminution 
of the ability of the liver to excrete bilirubin injected intravenously, 
and (2), microscopically (in dogs and guinea pigs), the production of 
lesions of the liver analogous to those found in pernicious anenua, 
hemolytic jaundice, sickle cell anemia and anemia cxpenmentally pro- 
duced in dogs by long continued hemorrhages These experiments 
show that the mechanism of injury to the liver cells in this type of 
jaundice is produced by the combination of two factors (1) The 
production simultaneously of hjperbilirubinemia and anemia, due to 
prolonged and increased destruction of erythrocytes, (2) a chrome 
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state of anoxemia due to the anemia which injures the liver cell and 
diminishes its bilirubin excretory function Hyperbilirubinemia plus 
inefficient function of the liver cell will produce jaundice It is true 
that the injury resulting from this mild state of anoxemia is not suffi- 
cient to produce by itself a bilirubin retention If the amount of 
bilirubin elaborated by the reticulo-endothelial system does not exceed 
the normal hmits (anemia by hemorrhage) the liver cell will still be 
able to excrete the pigment As soon, however, as the bilirubin pro- 
duction exceeds the normal limits, the liver cell will be unable to dis- 
pose of the excess and permanent hyperbilirubinemia and jaundice 
will follow 

Malana 

Since the malanal parasites live within the red blood cells, every 
erythrocyte harboring the Plasmodium will be destroyed As a conse- 
quence, every attack of fever dimimshes the total number of red blood 
cells from 5 to 10 per cent, and anemia is the immediate consequence 
The spleen becomes enlarged, since this organ plays an important r6le 
in the catabohsm of destroyed erythrocytes Chauffard (46) has 
described a syndrome “hepato-splenique” in cases of acute malana 
In these cases, splenomegaly is the first symptom to appear After 
treatment, the spleen reverts to its normal size, while the liver becomes 
congested and increases its volume 

The degree of bilirubmeima in malana depends on the clinical t 3 pe 
of the disease, and its duration The accompanying jaundice is related 
to the degree of anemia, that is, the greater the anemia, the deeper 
the jaundice 

In acute malana there is transient hyperbilirubinemia but seldom 
jaundice During the attack of fever the bihrubinemia nses above 
its normal value Schachsuvarly (243), Russo and Serbinofi (238) 
find hyperbilirubinemia which reaches as high as 6 mgm per cent 
Kingsburg (128) in 150 cases of malaria finds that the bdirubmemia 
reaches an average of 0 74 mgm per cent in quartan malana, 1 74 
mgm per cent in tertian malana, and 2 mgm per cent in tropical 
malana Ross (236), from 30 cases of tertian malana, finds hyper- 
bilirubinemia in 29 In all of these cases the Van den Bergh reaction 
was of the indirect type While Arellano (9) and Kingsburg (128) 
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find a relation bctw ecn the size of the spleen and hyperbilirubinemia, 
Schachsuvarlj (243) denies this relationship 

Special mention must be made of the beha\nour of “malaria inocu- 
lata," the use of which is increasing since its introduction by Wagner 
von Jauregg as a therapeutic procedure in the treatment of ncuro- 
sypliilis In spontaneous malaria, all authors agree as to tlie presence 
of hyperbilirubinemia wnth a constant indirect ^^an den Bergh reaction 
A more or less severe liver damage is often produced in malaria inocu- 
lata, as manifested bj the presence of clinical jaundice with the direct 
Van den Bergh reaction O’Leary and his associates (208) report six 
cases of malaria inoculata, all showing direct Van den Bergh reactions 
and a bihrubinemia of from 3 mgm to 23 mgm per cent In this 
clinic, out of eleven cases of malaria inoculata, there was one givinga 
direct reaction and bihrubinemia of 6 01 mgm per cent, five giving 
biphasic reactions and bihrubinemia of from 2 mgm to 3 57 mgm per 
cent the remaining five cases behaved as spontaneous malaria (slight 
hyperbilirubinemia with indirect Van den Bergh) It is not at present 
clear just wh> more severe liver damage occurs in malaria inoculata 
than in spontaneous malaria 

Blackii’ater fever 

The considerable erythrocyte destruction occurring in tlus disease 
can produce a transient and early hyperbilirubinemia, due solely to 
bilirubin overproduction and inability of the normal liver cell to get 
nd of this excess bihrubinemia The jaundice present in this disease, 
however, is generally due to severe liver damage as Ross has shown 
Ross (236) finds the presence of a hyperbilirubinemia with the in- 
direct type of Van den Bergh reaction when extremely mild hemoglobi- 
nuria develops When the jaundice is manifest, and hemoglobinuria 
severe, the Van den Bergh reaction becomes positive 

Carnon's disease (proya fever) 

This disease, caused by a blood parasite, Bartonella bacilliformis, 
and characterized essentially by prolonged fever and severe anemia, 
with a blood picture of intense regeneration, is confined to the occu- 
pants of the valleys of Peru, and presents an extremely interesting 
clinical picture Pew other pathological entities produce so severe a 
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state of anoxemia due to the anemia which injures the liver cell and 
diminishes its bilirubin excretory function Hyperbilirubinemia plus 
m'e£&cient function of the liver cell will produce jaundice It is true 
that the injury resulting from this imld state of anoxemia is not suffi- 
cient to produce by itself a bilirubin retention If the amount of 
bilirubin elaborated by the reticulo-endothelial system does not exceed 
the normal limits (anemia by hemorrhage) the liver cell will still be 
able to excrete the pigment As soon, however, as the bilirubin pro- 
duction exceeds the normal lirmts, the liver cell will be unable to dis- 
pose of the excess and permanent hyperbilirubinemia and jaundice 
will foUow 

Malaria 

Since the malanal parasites live within the red blood cells, every 
erythrocyte harboring the Plasmodium will be destroyed As a conse- 
quence, every attack of fever diminishes the total number of red blood 
cells from 5 to 10 per cent, and anemia is the immediate consequence 
The spleen becomes enlarged, since this organ plays an important r61e 
in the catabolism of destroyed erythrocytes Chauffard (46) has 
descnbed a syndrome “hepato-splenique” in cases of acute malana 
In these cases, splenomegaly is the first symptom to appear After 
treatment, the spleen reverts to its normal size, while the liver becomes 
congested and increases its volume 

The degree of bihrubmenua in malana depends on the chmcal type 
of the disease, and its duration The accompanying jaundice is related 
to the degree of anenua, that is, the greater the anemia, the deeper 
the jaundice 

In acute malana there is transient hyperbilirubinemia but seldom 
j'aundice During the attack of fever the bihrubinemia nses above 
its normal value Schachsuvarly (243), Russo and Serbinoff (238) 
find hyperbilirubinemia which reaches as high as 6 mgm per cent 
Kingsburg (128) m 150 cases of malaria finds that the bilirubinemia 
reaches an average of 0.74 mgm per cent in quartan malaria, 1 74 
mgm per cent in tertian malana, and 2 mgm per cent in tropical 
malana Ross (236), from 30 cases of tertian malana, finds hyper- 
bilirubinemia m 29. In all of these cases the Van den Bergh reaction 
of the indirect type While Arellano (9) and Kmgsburg (128) 
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find a relation between the size of the spleen and hyperbilirubinemia, 
Schachsuvarly (243) denies this relationship 

Speaal mention must be made of the beha\nour of “malaria inocu- 
lata,” the use of which is increasing since its introduction by Wagner 
von Jaurcgg as a therapeutic procedure m the treatment of neuro- 
syphihs In spontaneous malaria, all authors agree as to the presence 
of hyperbilirubinemia wth a constant indirect Van den Bergh reaction 
A more or less severe liver damage is often produced in malana inocu- 
lata, as manifested by the presence of dimcal jaundice ivith the direct 
Van den Bergh reaction O’Leary and his associates (208) report six 
cases of malana inoculata, all showing direct Van den Bergh reactions 
and a bilirubinemia of from 3 mgm to 23 mgm per cent In this 
clinic, out of eleven cases of malana inoculata, there was one givinga 
direct reaction and bilirubinemia of 6 01 mgm per cent, five giving 
biphasic reactions and bilirubinemia of from 2 mgm to 3 57 mgm per 
cent the remaimng five cases behaved ns spontaneous malana (slight 
hyperbilirubinerma with indirect Van den Bergh) It is not at present 
clear just why more severe liver damage occurs in malaria inoculata 
than in spontaneous malaria 

Blockwaler fever 

The considerable erythrocyte destruction occurnng in tins disease 
can produce a transient and early hyperbihrubinemia, due solely to 
bilirubin overproduction and inabihty of the normal liver cell to get 
nd of this excess bilirubinemia The jaundice present in this disease, 
however, is generally due to severe liver damage as Ross has shown 
Ross (236) finds the presence of a hyperbilirubinerma with the in- 
direct type of Van den Bergh reaction when extremely mild hemoglobi- 
nuna develops When the jaundice is manifest, andhemoglobinuna 
severe, the Van den Bergh reaction becomes positive 

Carrion’s disease {Oroya fever) 

This disease, caused by a blood parasite, Bartonella bacilhformis, 
and charactenzed essentially by prolonged fever and severe anemia, 
with a blood picture of intense regeneration, is confined to the occu- 
pants of the valleys of Peru, and presents an extremely interesting 
climcal picture Few other pathological entities produce so severe a 
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destruction of erythrocytes (Arce®) During the first penod of the 
disease, called by Weiss (281) the “hematic phase,” the germ affects 
predormnantly the circulating erythrocytes When the second penod 
or “hystioid phase” is reached, the germ is mainly localized in the cells 
of the reticulo-endothehal system In Carnon’s disease, as in malana, 
hyperbihrubinemia and jaundice run parallel to the degree of anenua 
The Van den Bergh reaction is always of the indirect type (Guzman- 
Barron, A (94)) 

Icterus neonatorum 

Among the many varieties of jaundice, icterus neonatorum has 
occupied a peculiar place for many years Though its clinical char- 
acter, its frequent occurrence and its benign course are very well 
known, its pathogenesis has caused considerable discussion The ques- 
tion of its hepatic or hemolytic origin has been much debated Un- 
animity of opimon, among pediatricians, has not yet been reached 
From the considerable literature devoted to the subject one gathers 
the following facts 

Hyperbilirubinemia is normally present in the new born and is even 
present during intrautenne life, since it is found that the bilirubin 
content of the blood of the cord is higher than that in the blood of the 
arm of the infant (Hirsch (109), Yllpo (288), Schiff and Farber (252)) 
The Van den Bergh reaction is always indirect whether the blood be 
taken from the umbilical cord or from the arm (Klemperer (129), 
Knopfelmacher and Kohn (133), Grulu and Mebane (92), Lepehne 
149)) The amount of bilirubin increases after birth, reaches its 
maximum between the fifth and seventh day and then subsides (Hallez 
(97), Mitchell (193)) This is explained in the following manner 

There is normally a polycythemia in the newborn (Lereboullet (150), 
Ziegelroth (290)), and an increased number of young immature nucle- 
ated red blood cells (Greil (88), Goldbloom-Gkittheb (89)), due to a 
chronic state of anoxeima during the intrautenne life (Ziegelroth 
(290)). After birth these cells are destroyed in excess as shown by the 
hemoglobin determinations and red blood cell counts (Vhlliamson 
(283)) This red cell destruction may sometimes be accelerated either 
by the presence of hemolysins from the serum of the mother (observed 
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by Jlitchell (193) and Lenart (147) though Goldbloom and Gottlieb 
(89) have not been able to confirm it), or by a marked increase in the 
fragility of the red corpuscles (Goldbloom and Gottlieb (89)) 
Jaundice is most frequent in premature, under developed infants 
(Lereboullet (ISO)) 

There is a functional insufficiency of the liver of the newborn due 
to a functional immatunty of the liver (Heynemann (107), Dlpo 
(289)), which in some cases has been detected by using liver function 
tests unrelated to the bilirubin excretory power, e g , levulose test, 
AVidal test 

There are, therefore, in icterus neonatorum, the two factors wluch 
Rich regards as necessarj’ to the production of true non-obstructive 
jaundice, namely, increased red cell destruction and insufficient liver 
cell function 

Pernicious anemia 

Scheel (244) w as the first to show the presence of hyperbilirubinemia 
in pernicious anemia, but until Van den Bergh’s (269) studies, no 
quantitative determinations were made Van den Bergh reported 
an increase of bihrubinemia in pernicious anemia from four to eight 
times above the normal values Numerous investigators have subse- 
quently reported the presence of hyperbilirubinemia in pemiaous 
anemia (Eppinger (60), Botzian (26), Robertson (232)) Leaving out 
of account the etiology of the disease, which is still unknown, penu- 
aous anenua belongs to the group of anemias with red cell destruction 
This inaeased red cell destruction is favoured by the extrusion into 
the general circulation of young immature erythrocytes condemmed 
to early destruction by the rcticulo-endothelial system There are, 
therefore, present in pernicious anemia the tw o factors necessary for the 
production of permanent bilirubin retention liver cell insuffiaency as 
a consequence of longstanding anemia and over-production of bilirubin 

This liver insufficiency in pernicious anemia has been indicated in 
studies by Harrop and the wnter, (13), who have measured, in perni- 
cious anemia patients, the bilirubin excretory function of the liver 
While normally the liver excretes within tw o to four hours the bilirubin 
injected intravenously (1 mgm bilirubin per kilogram of body weight) , 
patients with pernicious anemia and normal bihrubinemia show a 
marked retention of the injected pigment (fig 7) 
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hemolysin becomes active through the influence of the complement 
normally present in the blood, and hemolysis ensues Kohler and 
Obermayer (135) observed a patient whose red blood cells fell 690,000 
per cubic millimeter during an attack Montagnani (195) reports a 
case where there was a loss of two million red cells per cubic milhmeter 
Jones (119), studying the bihrubin concentration in the blood and 
duodenal contents found, first a transient state of hyperbilirubinemia 
which reached ts maximum 45 minutes after the attack, from this 
point the bilirubin gradually returned to normal, while the bilirubin 
of the duodenal content increased correspondingly 

Following the more severe attacks of hemoglobmuna, a little icteric 
staining of the sclerae and skin is perceptible for a few days (Mackenzie 
(166), Barta, and Gorog (16)) 

Ectopic pregnancy, extravasation of blood 

Whenever there is a local hemorrhage, the hemoglobm of the extra- 
vasated blood is changed into bilirubin, but the appearance of jaundice 
is extremely rare, as the excretory power of the liver cells is sufficient 
to prevent its appearance Dick (51) reported three cases of ruptured 
ectopic pregnancy with severe intrapentoneal hemorrhage, jaundice 
of the skin and conjunctiva and no bile in the unne Norns (205) 
reports two patients with ruptured ectopic pregnancies and jaundice, 
and states that the presence of j'aundice is of great importance, and 
may frequently be the symptom which determines the differential 
diagnosis, but Horowitz and Kuttner (112) have recently denied the 
presence of j'aundice in ectopic pregnancy, since, in fifteen cases, they 
did not find increased bilirubinemia 

Congenital and acquired hemolytic laundice was described for the first 
time by Minkowski (188), and was characterized in its essential fea- 
tures by Chauffard (44, 47) and by Widal and his associates (277) 
Hemolytic jaundice, as is well known, is characterized by hjqierbih- 
rubinemia with indirect Van den Bergh reaction, absence of bile in 
the unne, coloured stools, lowenng of the osmotic resistance of the 
red blood cells against hypotonic solutions of sodium chloride, a con- 
siderable enlargement of the spleen, chrome anerma and morphologic 
alterations of the red blood cells Jaundice is such a dominant symp- 
tom that Chauffard has desenbed these patients epigrammatically 
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as “plus ictCriques que malades ” The bihrubinemia is variable 
Bot7ian (26) finds figures fluctuating from 2 to 9 IS mgm per cent 
Kaznelson (122) reports, in one case, a bihrubinemia of 7 25 mgm per 
cent SchifF (246) finds from 2 5 to 7 5 mgm per cent In this clinic 
the values fluctuate between 2 mgm and 9 94 mgm percent Thelast 
figure seems to be the highest bihrubinemia found in hemolytic jaun- 
dice Ihe Van den Bergh reaction in this case rvas "delayed biphasic,” 
1 c , the colour reaction appeared thirty seconds after the addition of 
the diazo-reagent, reaching its maximum intensity several minutes 
later, but no bile was found in the unne It has been said that a solu- 
tion of bilirubin added to normal scrum gives an indirect reaction, 
until a certain concentration is reached (16 mgm per cent) beyond 
vihich the reaction becomes direct It is therefore, possible, though 
probably extremely rare, to observe cases of hemolytic jaundice giving 
biphasic Van den Bergh reactions If the amount of bilirubin exceeds 
the saturation point, or, the bihrubinemia being not so high, if the 
concentration of serum protein is lowered, theoretically a change in 
the Van den Bergh reaction may appear 
The disappearance of jaundice observed in cases of congenital 
hemolytic jaundice after splenectomy, has been confirmed through 
bilirubin determinations before and after splenectomy by several 
investigators (Rich and Rienhofl (228), Schiff (246)) Sometimes, 
after splenectomy, there is a change in the Van den Bergh reaction 
A case of this nature was observed in this cbnic A patient with 
hemolytic jaundice (indirect Van den Bergh reaction, bihrubinemia, 
8 34 mgm per cent) was splenectomized The day following the 
splenectomy, the Van den Bergh reaction became biphasic, and the 
bihrubinemia dropped to 3 76 mgm per cent Some days later the 
Van den Bergh reaction became indirect with a bihrubinemia of 1 
mgm per cent That the spleen takes a considerable part in the over- 
produepon of bilirubin has been demonstrated by Kaznelson (122), 
Eppinger (60) and others, who found more bihrubin in the splenic 
vein than in the penpheral arculation 
Although the excellent results obtained by splenectomy m cases of 
congemtal hemolype jaundice seem to favor Minkowski’s first observa- 
tion that this IS primarily a chsease of the spleen, the persistence, in 
some cases, of the diminished osmopc resistance of the red blood cells 
after splenectomy complicates this mterpretation 
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In acqutred hemolyhc jaundice splenomegaly is the consequence and 
not the cause of the hyperbilirubinemia, as the inconstant results pro- 
duced by splenectomy seem to prove 
Widal and his associates consider that the primary cause of hemo- 
lytic jaundice is the alteration of the red blood cells due to hemolysins 
fixed on their surface, which renders them more susceptible to destruc- 
tion These hemolysins may be either of exogenous or endogenous 
origin The presence of hemolysins in the pathologic spleen has not 
as yet been demonstrated In four cases of splenectomy for hemolytic 
jaundice, those of Vaquez and Giroux (271), Antonelh (8) and two of 
Kahn (120), hemolysins have not been demonstrated The following 
questions present themselves for analysis 
Is hemolytic j'aundice of stnctly hemolytic nature^ Is there only 
overproduction of bihrubin without any hepatic lesion^ Widal and 
his associates deny any participation of the hver cell since the carbo- 
hydrate tolerance test, and the Widal test have been negative in cases 
studied by them But how is it possible to draw conclusions about 
the functional efficiency of the bihrubin excretory power of the hver 
cell from the results of tests which measure quite different functions^ 
Can there not be isolated dysfunction? The existence of such states 
in hver pathology is beyond doubt 

The production of a liver lesion by the action of uncomphcated 
anoxemia, a lesion which produces a delayed excretion of bihrubin 
injected intravenously and the presence of this same disturbance in 
pernicious anemia, strongly suggests similar functional impairment of 
the hver ceU in hemolytic jaundice, especially in its late stages, when 
anemia is always evident 
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a pigment closely related to biKrubm, to which he cautiously gave the 
name of “hematoidm ” Three years later Herrmann (103)^ demon- 
strated that intravascular hen iolysis, by means of the in ject ion of is- 
t illed water , would lead to the subsequent ^creti^o^ilirubm in the 
urine Tarchanoff (261) extended these observations By Injecting 
hemoglobin itself'' intravenously, and collecting the excreted bile 
through a bdiary fistula An increased output of bile resulted The 
c henucal id entity-uf-the pigmen Tformed when hemoglobin is liberat ed 
intr ayas cularly (bilirubin) and the pigment formed when ^ mogloBin 
IS hber^ed extravascrdarly_(henial^i:^ no w s eems well establish ed 
asaTresult of the expenments of Rich and Bumstead (224) on a sample 
of hematoidin found in an old hemorrhagic cyst 

Many attempts, not altogether successful, have been made to pro- 
duce bilirubin from hemoglobin in vitro, the painstaking researches of 
Fischer (72), Thannhauser (262, 263) and Kuster (138) being specially 
noteworthy 

Nencki and Zaleski (202) succeeded in producing a substance which 
they called “hemopyrrol” by treating hematin (C 34 Ha 204 N 4 FeCl) with 
powerful reductants This hemopyrrol was found by Kuster (138) 
to be composed actually of a mixture of different pyrrols (iso-hemo- 
pyrrol and cryptopyrrol) accompanied by the corresponding pyrrol 
carbomc acids Treating hematin afterwards by oxidants, Kuster 
produced an acid “hamatmsaure” (methylcarboxyethyl maleic acid) 
The imtial product obtained is the imido form of this acid which, under 
the influence of alkalies, loses its NHs, giving the anhydnd correlated 
to the “hamatmsaure ” As the formula of this “hamatinsaure” con- 
tains the characteristic pyrrol nucleus, found in the pyrrolic acids 
derived from hematin by reduction, it can be concluded that by treat- 
ing hematin either with strong oxidants or reductants similar products 
can be formed Treating bihrubm with the same reagents, Kuster 
(139) and Fischer and Meyer (73) obtained the same two pyrrol groups 
and pyrrol-carbomc acids, as well as the tnbasic hematic acid 
(Hamatinsaure) 

Briefly these processes can be tabulated, as suggested by Fischer, 
as follows 
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Mcthjlclhylmalcic acid and Hamatinskure 

(arrows pointing upwards “ oxidation) 

(arrows pointing downwards = reduction) 


As these reactions constitute a senes of hydrolytic processes, Kuster 
simplifies them in the following schematic formula 

Hematin + 2HJO = Bihrubm + TeO 


The relation between the pigments of the blood and bile is further 
indicated by the accompanying structural formulae for hemin and 
bilirubin, according to the views of Fischer, which have been recently 
confirmed by his bnlliant studies on the synthesis of hemin and por- 
finns (7S) 
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INTPODUCTION 

Tlic recent advances in the knowledge of the group of diseases in 
which there is impairment of bihrubin excretion, have been made 
through the cooperation of chemists, physiologists, pathologists and 
chmaans, and these painstaking investigations, particularly during 
the last thirty years, have enabled us to build the foundations of our 
present conception of the problem of jaundice The older views on 
jaundice, which were based only on anatomical grounds, have been 
recently so thoroughly revised, that the writer feels it will be best to 
pass m review some of the outstanding physiological and chcrmcal 
researches, before dealing with the methods of determination of bili- 
nibinenua and its clinical apphcations 

CHEMICAL ORIGIN Or BILIRUBIN 

Virchow (272)m 1847was the first to suggest the clicmical siniilantj 
of bilirubin and hemoglobin, for he discovered in old foci of hemorrhage 

77 
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a pigment closely related to bilirubin, to wlucli he cautiously gave the 
name of “hematoidin ” Three years later Herrmann (103) demon- 
strated that intrav asc ular heg iobaas, by means of the injection of dis- 
t illed water , would lead to the subsequent excretibiToTbiliruSnlnthe 
urine Tarchanofi (261) extended these observations by Injecting 
hemoglobin itselT intravenously, and collecting the excreted bile 
through a bihary fistula An increased output of bile resulted The 
chemical jtdenlitynf -the pigmentj ormed when hemoglobin is libe rated 
intravascularly (bilirubin) and the pigment formed when b^ioi^loBin 
is hbef^d^extravascularlyj(hemato^n) now_seems wel l estabhsh ed 
a^a result of the expenments of Rich and Bumstead (224) on a sample 
of hematoidin found in an old hemorrhagic cyst 

Many attempts, not altogether successful, have been made to pro- 
duce bihrubin from hemoglobin in vitro, the painstaking researches of 
Fischer (72), Thannhauser (262, 263) and Kuster (138) being specially 
noteworthy 

Nencki and Zaleski (202) succeeded in producing a substance which 
they called ''hemopyrrol” by treating hematin (C 34 Hj 204 N 4 FeCl) with 
powerful reductants This hemopyrrol was found by Kuster (138) 
to be composed actually of a mixture of different pyrrols (iso-hemo- 
pyrrol and cryptopyrrol) accompanied by the corresponding pyrrol 
carbomc acids Treating hematin afterwards by oxidants, Kuster 
produced an add “hamatmsaure” (methylcarboxyethyl maleic add) 
The imtial product obtained is the imido form of this acid which, under 
the influence of alkalies, loses its NH^, giving the anhydnd correlated 
to the “hamatmsaure ” As the formula of this “hamatmsaure” con- 
tains the charactenstic pyrrol nucleus, found m the pyrrohc adds 
derived from hematin by reduction, it can be concluded that by treat- 
ing hematin either with strong oxidants or reductants similar products 
can be formed Treating bihrubm with the same reagents, Kuster 
(139) and Fischer and Meyer (73) obtained the same two pyrrol groups 
and pyrrol-carbomc acids, as well as the tnbasic hematic acid 
(Hamatmsaure) 

Briefly these processes can be tabulated, as suggested by Fischer, 
as follows 
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As these reactions constitute a senes of hydrolytic processes, Kuster 
simplifies them in the following schematic formula 

Hcmatm 4* 2HjO = Bilirubm 4* I cO 


The relation between the pigments of the blood and bile is further 
indicated by the accompanying structural formulae for hemin and 
bihrubin, according to the views of Fischer, which have been recently 
confirmed by his brilliant studies on the synthesis of hemin and por- 
finns (75) 
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Blood hemoglobin seems therefore to be the mam source of supply for 
the formation of bihrubm It is possible that other compounds, con- 
taimng the pyrrol nucleus m their structure, could be changed into 
bihrubm Whipple and Hooper ( 284 , 285 ), and more recently 
"V^rtupple and Robscheit (286), state that myohemoglobm is another 
source of bilirubin If Kennedy and Whipple's statement (125), that 
blood hemoglobin and muscle hemoglobin are identical, since both give 
similar spectrophotometnc curves, is confirmed, it is obvious that 
muscle hemoglobin may also take part in bihrubm formation Whip- 
ple and Hooper's assertion that the output of bihrubm in dogs increases 
after a diet nch m carbohydrates has been demed by Inlow (115), and 
Rous (237), who reported that in their expenments with bile fistula 
dogs, a diet nch in carbohydrates had no effect upon the amount of 
bile pigment formed There is a dose relationship between the 
chlorophyll molecule and hematm (Willstater and Stoll (282)), and 
Noack (204), m beautiful experiments, has recently sho'R’n that bili- 
purpunn, a pigment present in small amount in the bile of herviborous 
animals, has essentially the same chemical constitution as photo- 
pheophitin, a pigment denved from chlorophyll This would favor 
the possibility of an exogenous ongin of bihrubm The statement of 
Bollmann, Sheard and Mann (24) that they were unable to detect any 
alteration in bilirubin formation after the intravenous injection of 
chlorophyll in dogs, does not exclude the possibihty of bihrubm 
formation from chlorophyll, since, m the case of intravenous injections, 
the excretory power of the liver rapidly frees the blood of the injected 
pigment 
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The following table taken from Rolleston and McNee (231) gives a 
short summary of the relationship of bilirubin, and its derivatives, 
to hemoglobin 

Hemoglobin 




I hydrolysis 

i 

Hcmatin HCl ■”> Hemin 

1 hjclroljsis 

oxidation Bilirubin Hematoporphyrin 


oxidation * I 

^Biliprasin > I Reduction 

Biliverdm i 

> Urobilinogen 

reduction I 

I Oxidation 

i 

Urobilin 




PHYSIOLOGICAL ORIGIN OF BILIRUBIN 

Since Rich’s splendid review (225) on the formation of bile pigment, 
few facts have been brought to light bearing upon the exact ongin 
of bilirubin 

Virchow’s original vieiv (272) which came as a consequence of his 
observation on hematoidin, was that bilirubin could be formed outside 
the liver, as the pigment he found in old blood extravasations, had a 
close resemblance to bilirubin The celebrated expenments of Min- 
konski and Naunyn (186) on the absence of jaundice in hepatectom- 
ized geese, in which intravascular hemolysis had been produced by 
arseniureted hydrogen, were so widely accepted for a time, that the 
liver came to be considered as the only site of bile formation The 
work of Minkowski and Naunyn remained unchallenged until McNee 
(183, 184), repeating and confirming their expenments, explained them 
in a very different way, stating that the prevention of icterus was 
probably due to the removal by the hepatectomy of the phagocytic 
Kupffer cells, rather than to the loss of the polygonal cells of the liver 
The remarkable series of studies of Mann and his coworkers (160-164) 
on the physiology of the liver, in which they demonstrated the ap- 
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pearance of bilirubin in the blood of hepatectomized dogs, an observa- 
tion amply confirmed by Makino (159), Rich (226) and others, proved 
conclusively that in dogs, at least, bile pigment continues to be formed, 
and to accumulate in the blood stream, after the liver, or, indeed, after 
all the abdominal viscera have been removed (Rich) 

As a consequence of these fundamental observations attention was 
directed towards the extrahepatic formation of bilirubin Lepehne 
(148) attempted to prove that the pigment is formed by the reticulo- 
endothehal cells, stating that after overloading these cells with col- 
largol the process of bile pigment formation was less active Rich 
(227), by the methods of tissue culture, was able to prove that only 
mesodermal, and not ectodermal or endodermal cells can transform 
hemoglobin into bile pigment and that this process occurs within the 
cells Numerous attempts by Rich and Bumstead (224) to prove the 
existence of some extracellular enzyme which can influence the trans- 
formation of hemoglobin into bilirubin, gave umformly negative 
results It is therefore probable than when bi hiubin is formed from 
hemoglobi n tbiu die^phagocytic cells, as in Rich^ expen^ents, the 
process^ IS rarned on by a c^lular.hyBroIyfi^BrmenjT' 

Confirming Van den Bergh’s early investigations, Ernst and Szap- 
panyos (61) and Komon and Ywao (134) observed the formation of 
bilirubin following the injection of hemoglobin into the perfused, 
asphyxiated spleen, and Mann, Sheard, BoUman and Baldes (161) 
reported that the injection of hemoglobin into the blood, entenng the 
spleen and bone marrow, produces an increase in the amount of bili- 
rubin formed at these sites Mann, Sheard and Bollman (162) 
measured the relative amounts of bihrubin formed in the liver, spleen 
and bone marrow, concluding that in dogs the splee n produces m ore 
bihrubm than the hver, th at even in the ^absence^of the liver an d 
spleen, Bilirubin continues to Jie formed„At^its norma l rat e, which 
would kadjtp the conclusion that the bone marrow can .take ov er the 
function of bilirubin formation in the absence of the .other sources of 
formation. J"Whether bihrubin formation can be inhibited by suppres- 
sion of the bone marrow has not yet been determined 
All these concordant experiments seem to prove conclusively that 
there is an .extrahepatic ongin for bfle pignmnt It is true, that re- 
cently Melchior, RosentE^'and Licht (182, 234, 235), working in 
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Naunyn’s laboratory, in a series of papers revert to Minkowski and 
Naunyn’s original hypothesis, md consider the liver as the main organ 
of bilirubin formation Their conclusion was drawn from the fact 
that the jaundice, which mvanably follows the injection of toluilendi- 
amine in control dogs, does not appear in hepatectomized animals 
When the liver is removed, after jaundice has appeared as a conse- 
quence of toluilendiaminc injection, the bilirubin in the blood not 
only ceases to increase but actually decreases These facts, however, 
are not actually incompatible with the cvtrahepatic origin of bilirubin, 
for Joanovick and Pick (117) and others, have showai that toluilcndi- 
armne produces necrosis of the liver cells This form of jaundice is 
therefore dependent upon the presence of the liver, as we shall see 
below, but not in the sense that the liver cell produces the pigment 


In summary it can be stated that 

1 There is no evidence that the polygonal liver cells are concerned" 
with the formation of bilirubin All the expenments performed in 
recent years are decidedly against such evidence 

2 There is no evidence that there exists an extracellular enzyme 
capable of transforming hemoglobin into bilirubin It is probable, 
though not conclusively proved, that this process is earned on by a 
cellular hydrolytic enzjme 

. 3 The cells of the reticulo-endothchal system are in all probability 

Njactively concerned in the formation of bilirubin _ 


METHODS OF BLOOD DILIRDBIN ESTIMATION 


Since the classical researches of Gilbert and his assoaates, many 
methods have been suggested for the determination of bilirubin in 
the blood They can be divided into the following groups 

1 Estimation based on the oxidation of bilirubin 

2 Direct comparati' e estimation of the colour of blood scrum 

3 Methods based on the use of Dhrlich^s diazo-rcagcnt 

4 Spectrophotoraetnc methods 


1 Methods based on the oxidation of bilirubin 

Gilbert, Herscher, and Posternack (84). in 1903, were the first to 
elaborate a method for the estimation of serum bilirubin Oxidiang 
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the bilirubin into biliverdin by means of Gmelin reagent, and compar- 
ing the intensity of the colour reaction, they were the first to demon- 
strate that bilirubin was normally present in the blood serum Later, 
Hertzfeld (105) applied the same principle using Hammarsten’s 
reagent (1 volume of 25 per cent HNO^ -f 19 volumes 25 per cent HCl, 
after 24 hours add to 1 volume of this solution, 4 volumes of alcohol), 
but his figures are subject to the same sources of error as Gilbert's 
estimations More reliable and simple is the method proposed by 
Fouchet (78), who o:adi 2 e s the bill mbm by a snliTtinn containmg -tn~ 
cb| oroacetic acid and FeCL (thncbloroacetic acid. 5 grams. FeCU 10^ 
p er^nt, 2 c c , distilled water, 20 cc ) Equal parts of serum and 
reagent are taken/the reagent being added to the serum drop by drop, 
after stirnng with a glass rod, the green colour obtained is compared 
with a previously made colour chart The sensitivity of the method 
according to Fouchet is 1 X 60,000 The methods of Posselt (214) 
and BifS. (21) are based on the same principle of oxidation of bilirubin 
by acids 

The ^ures obtained us mg these. not reliable , not only 
because the compansons with the artificial standards are too roughly 
approximate, but chiefly because the methods are not sensitive enough 

£ Direct comfarattve estimation of the colour of blood serum 

Assuming that the yellow colour of the blood serum is pnncipally 
due to bilirubin, methods have been evolved to deterimne the amount 
of bilirubin by comparing the colour of the serum with artificial stand- 
ards of approximately the same shade of yellow colour 

Meulengracht (179), who was the originator of these methods, em- 
ploys a standard solution containing 1 10,000 of potassium dichromate 
plus2 drops of H2S04perevery500 cc of solution He dilutes the serum 
with physiological salt solution until the colours can be compared He 
obtains thereby a comparative figure which he calls the colorimetric 
index, giving 1 to 10 units as a normal index ^ The same techmque has 
been recommended under the name of “icterus index” by Maue (170) 

1 For example, if 1 cc of serum is diluted to 25 cc and the standard read 17 5 when the 
unknown is set at 20 , the icterus index is 21 9 
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and Bcrnhcim (19) Jhcv use tlic colorimc-ttr for the comparison, 
their calculation being 


Kt atltn^, of stanchn) 
R(.a(ijngof unl^nown 


X tlilution *= icterus index 


Jhe> state that the normal icterus iiuIlv lies between 4 and 6 Walter 
(273) uses, as a standard, a mixture of potassium bichromate (1 10,000) 
100 cc and “orange poiner” (1 10,000) 2 cc He employs plasma 
instead of scrum 

Ernst and Forster (62) precipitate the serum with two volumes of 
acetone, and after filtration, they make the comparison in a colorimeter 
with the dichromate standard so diluted as to make a proper colori- 
metric reading 

As the chemistry, the amount and the daily vanation of th g Ivpo - 
rhrQmp;: (lute in. carotin, etc ) of the blood is unknown the wnt cius-of 
the opinion that these methods in which bilirubin as well as all, o ther 
\ ellow siibs lnnres also present in the blood serum arc estimat ed, ought 
to Jicahscarded It is well known that the yellow colour of the serum 
increases with a diet rich in vegetables Stoner’s (257) studies on 
carotintraia, so common in children, Fiessinger, Walter, and Thicrr)'’s 
(66) studies on the effect of carotinemia on Aantliochromia of plasma, 
and Rabinowitch’s (218) and Hess and Myers’ (108) reports of high 
carotinemia in diabebc patients as well as Hernando’s (102) contribu- 
tion on pseudo-jaundice from carotin pigment should w arn the clinician 
against the employment of the colour of blood serum as an index to 
bihrubincmia 

3 Methods based on Ehrlich’s reaction 


Ehrlich, as early as 1883 (55), discovered that a mixture of sulfamhc 
acid, HCl and sodium nitrite (diaaoiiium salt) gave a red violet colour 
when added to solutions containing bilirubin The chemistry of the 
reaction remained unknown until 1900 when IToscher (217) dearly 
established the fact that bilirubin combines with the dnzoben/ol- 
sulphochloride (Ehrlich’s diazo reagent) to form acetophcnolazorubin, 
whose formula and spectral bands in different solutions he deter- 
mined More recently, Kerppola and Leikoh (124) describe 13 dif- 
ferent stages of oxidation, when Na nitrite and HCl were added to 
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bilirubin dissolved in chloroform Ihey shov/ that the ailour of fvhr- 
lich’s diazo-reaction is due partly to oxidation and partly to the action 
of acid Notvdthstanding the importance of Ehrlich's discoveiy and 
Proscher’s demonstration of the spcdfidty of such a reaction for the 
estimation ofbilirubin, it v.as only many yearslater^in 1933. that Van 
den Bergh and Snapper (270) empIo3'ed Ehrlich's diazo-reaction for the 
estimation of blood bilirubin. Van den Bergh and his co-v,orker„, by 
the adaptation of Ehrlich’s diazo test to the determination of bilirubi- 
nemia, opened up an entirely nc*// approach to the experimental invev 
tigation of bile pigment metabolism. This test is not only of great 
assistance because of its delicaQ' and accuiatr/ in quantitative v>orh^ 
but also because qualitative ditierences in the beha'tiour of the reaction 
serv^e to differentiate various forms of jaundice. 


Qualilalke Van denBerghreadim. Van den Bergh and rdulier ^266/ 
^discovered that in some cases o: jaundice- espetiaily tho-,e of the ob- 
structive type, the red violet colour rlsr/dops immediately after the 
addition of Ehrh'ch s diazo-xeagent to the blood scTum; vdebe in other 
cases, namely, those of hemoh'tic nature, the addftio*; of a’coro; i'' 
necessary’- to producetheforEatiosofdiaao-bfiirubir.. 'Phis led to their 
veil hnovn separation of the reaction into the '’direct'’ teq-e. c/*2rac- 

teristicof obstructive or ’''mechamca!"ja-md:oe,a.':dti:e"lndirect" lev/;, 
characteristic of non-obstructive or ''''dc-narefc-''* jaundice. Fesgi and 
^Quamer ^64) have further pointed out that betides these two types 
of reaction, there is a ’Ttiphasic reaction’' rdtich veil be deosrbed iater. 

Evei3'one“ho has had eapetience orith the \'an d^ Berp reaction 
has been able to conSrm Fd0 anc Oimmers tn^ or s^-caerc react: on, 
a distinction important to retain, e^tiaiiy vocen rc.,c~ng ace prog- 




ress of jaundiced patients- , ,, ~ - 

TecJuiPiue oj ihi' Yen den Bcrgn Teecninr., Gc-.ea_^ 
Blood serum or plasma is ecrm-y'smtac.e. -vs 
avoid hemolytis vrhen biood is a-omed to CeP ^_a,-„e 
venient, usmg 0.2 cc. of a 70 per rn pc^i 

(cvmoT&tcd to dir.xess> for 70 --- tr n,^c 
are no differences in the 

The blood has to be fresn as tne m — ' j' '7^ 
quality of the reactlo.n rnay cmrrgv . 

liavc to be perjectlj clean. 
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.a Is meet cen- 


^ entiate 
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BILIEUBINEMIA 


87 


Reagents — 


Sulphanilic acid 

Solulton A 

0 1 gram 

Concentrated HCl 


1 5 cc 

Distilled water 


100 cc 

Sodium mtnte 

SoluUon B 

0 5 gnm 

Distilled water 


100 grams 


Both solutions ought to be renewed every 15 days 
To perform the reaction one mixes S cc of solution A and 0 1 5 cc 
of solution B (This mixture has to be freshly made ) 

Qtiahtaltee reaction One cubic centimeter of oxalated plasma (or 
serum) is placed in a small test tube and 0 5 cc of the diazo-reagent 
added The appearance and development of the colour reaction is/ 
watched and timed 

Direct reaction The colour appears immediately after the addition jl 
of the reagent and acquires its maximum intensity 30 seconds later 11 
Biphastc reaction The colour reaction appears at once as in the 
first type or within 30 seconds but its maximum intensity is reached after 
a variable time If the colour reaches its maximum intensity quite 
rapidly the reaction is called “prompt biphasic,” while it is called 
“delayed biphasic” when the colour deepens quite slowly 
Indirect reaction The colour reaction appears one or more minutes 
after the addition of the reagent The maximum intensity is reached 
at vanable times and the addition of alcohol is essential to obtain the 
maximum colour 

Quantitative determination Standard solution The standard em- 
ployed IS a solution of cobaltous sulphate If dryed anhydrous cobalt- 
ous sulphate is used, take 21 610 grams in 1000 cc of distilled water 
If crystallized cobaltous sulphate is used (C0SO47H2O), take 39 ISOi 
grams in 1000 cc of distilled water This standard is taken by Van! 
den Bergh as equal to 1 unit This corresponds to of bihrubin, 1 

I e , 0 5 mgm per cent ] 

A Serum or plasma giving indirect reaction Take 1 cc of serum 
and 2 cc of alcohol (96 per cent) Shake and centrifuge One cubic 
centimeter of the supernatant fluid is taken into a test tube and 0 25 cc 
of the reagent and 0 5 cc of alcohol added Compare the colour with 
the standard in any nucrocolonmeter 
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Calculation In the first dilution we would have a 1 3 dilution but 
as a result of the contraction due to alcohol this dilution is only ~ 
In the second dilution we have The final dilution will be 
^Xi = i 
Therefore. 


Reading of standard 
Reading of unknown 


X 5 = units X 3 = mgm bilirubin per cent 


B Serum giving biphasic reaction or low -bilirubin content with 
direct reaction Thannhauser and Andersen’s modification is recom- 
mended ' To 1 cc of plasma or serum add 2 5 cc alcohol (96 per cent) 
and 1 cc of a saturated solution of (NH 4 ) 2 S 04 Shake and centrifuge 
Calculation 


Reading of standard ^ ^ 
Reading of unknown 


= units X } = mgm bilirubin per cent 


If the colour of the imknown is too strong, dilute with 2 parts of 
alcohol and 1 part of water 

C Serum having high bilirubin content (direct reaction) Mix 0 5 
cc, plasma or serum and 0 5 cc reagent Add water (varying meas- 
ured quantities to get a reasonable dilution) and then add alcohol so 
that the flmd is increased thrice its bulk Centrifuge and read in 
the colonmeter 
Calculation* 


Readmg of standard 

— — ; — X dilution = units X f 

Reading of unknown 


= mgm 


per cent 


Modtficalions of Van den Bergh’s technique Two objections have 
been raised against the Van den Bergh method 

1 That It IS extremely difficult to obtain a colour reaction which 
would be entirely comparable to the standard 

2 That during the preapitation of the plasma proteins by alcohol, 
some of the bihrubin is adsorbed by the protein In regard to the 
first obj'ection, the writer thinks that the utmost care must be taken 
not to alter the final pH of the solution As the diazobilirubin re- 
sponsible for the colour reaction behaves like an indicator dye, its 
colour changes from the blue at the aad side to the yellow on the 
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alkaline side When perfectly clean tubes and pipettes are used and 
the proper amounts of reagents are added, the pH of the final solutions 
IS always around the optimum for the production of the red violet 
colour and no difficulties are encountered With increasing acidity 
the colour changes to violet first, then to blue, greenish blue and green 
(ojodation to biliverdin) When the reaction is tow ard the alkaline 
side, the colour becomes red, red brown, and yellow Thannhauser 


TABLE 1 

Comparatne blood bihrttbm esUmaftoits by the Van den Bergh technique and the Thannhausen 
ai^ A«dersen*s modt/tcalion 


TYPE or VJUf OE» BEBOn BEACTIOff 

1 

I SESnUDaiBUBW 

rCB CENT OP 
BiLtaimN 
AOSOBBED BY 
Tus ALconouc 
PEOTEm 
PEECrPITATE 

Van den Bergh 
techniciue 

Th'^nnftauscr 
and Andersens 
technique 


m< Per rent 

ng pereenl 


I Indirect 




Hemol> tic jaundice 

S 70 

9 00 

3 0 

Pernicious anemia 

2 85 

2 P5 

3 4 

Malana 

2 00 

2 00 

0 0 

II Biphasic 




Lobar pneumonia 

2 04 

3 80 

20 0 

Catjiarral jaundice 

4 00 

0 00 

33 0 

Arsphenamm jaundice 

I 3 00 

j 4 80 

37 0 

in Direct 




Gall stones 

8 00 

14 00 

42 8 

Carcinoma of pancreasinoma 

1 7 00 

13 50 

48 0 

Cbolec> stitis 

1 3 62 

6 51 

29 0 


and Andersen (264), Greppy and de Micheli (91) advise the acidifica- 
tion of the solution in order to have a blue colour 
The second objection is more serious Van den Bergh himself pointed 
out that when the proteins of serum giving direct and indirect reaction 
are precipitated wnth alcohol, the bilirubin, giving the direct reaction, 
is more easily adsorbed by the protein preapitate than the bilirubin 
giving the indirect reaction The figures in table 1 taken from numer- 
ous concordant determinations, give a clear comprehension of this 
different behaviour The plasma bilirubin was estimated by the origi- 
nal Van den Bergh technique (alcohol precipitation) and Thann- 
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hauser and Andersen’s modification (264) in which the protein adsorp- 
tion IS loosened by salting out the proteins by a saturated solution of 
ammomum sulphate 

Thannhauser and Andersen’s modification in which all the bilirubin 
goes into solution is therefore to be recommended especially in cases 
where there is a biphasic reaction or a high indirect reaction 

Enriquez and Sivo (57) raise another objection to the Van den Bergh 
reaction, namely, that in cases of hypobihrubinemia the high dilution 
reqmred in Van den Bergh’s technique makes a colorimetric reading 
almost impossible, and they propose the following modification To 
0 5 cc of serum they add 0 5 cc of a solution of sodium benzoate 
caffeine (20 per cent) and 0 2 cc of the diazo-reagent The colour is 
compared to a standard made with a bilirubin solution (0 01 per cent 
m n/100 NaOH) They avoid protein precipitate, but their final 
colloid suspension cannot be compared colorimetrically 

4 Sped) ophotometnc methods 

Huffner was the first to determine bilirubin m this way but Sheard, 
B aides, Mann, and Bollmann used the method more extensively (251) 
There is no doubt that it is by far the most accurate and sensitive way 
of measuring bilirubinemia, but the cost of the instrument and the 
careful techmque which it requires, makes it unsmtable for clinical 
work Mann and his co-workers use the Keuffel and Esser colour 
analyzer which has the advantage over ordinary spectrophotometers 
of being easier to mampulate As the percentage of light transmission 
changes with time, they recommend that the alcoholic solutions of 
serum bihrubm be prepared, and that the readings of wavelength and 
percentage transmission be made as rapidly as possible in the region 
of 430 to 500 Comparing this method with the Van den Bergh 
method, they find that it is possible to determine the character and 
the shape of the spectrophotometric curve of bihrubm for a dilution 
as low as one fiftieth of the smallest amount measurable by the Van 
den Bergh technique 

THE NATURE OF THE VAN DEN BERGH REACTION 

The nature of the Van den Bergh reaction has aroused considerable 
attention, since it is generally agreed that the different types of reac- 
tion correspond to perfectly distinct groups of jaundice 
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Van den Bergh (267) proposed two alternabve theones (1) That 
there may be differences in the chemical composition of the bilirubin 
normally circulating in the blood stream, and in that of the bilirubin 
which has passed through the liver cell (2) That m the indirect 
type of reaction the bilirubin is bound up m some manner with the 
blood proteins or lipoids so as to prevent it from coupling with the 
diazo-geagent The advocates of the first theory have accumulated 
evidence of certain physical and chemical differences between the 
“direct” and "indirect” types of the Van den Bergh reaction these 
differences are as follows 

First That, as pointed out by Van den Bergh (269) and Andrews 
(7), tlie bilirubin of serum giving the direct reaction oxidizes more 
easily than the bilirubin from the serum giving the indirect reaction 
Second That when the proteins of both kinds of sera are preapi- 
tated with alcohol, the bilirubin giving the direct reaction is more 
easily adsorbed by the protein precipitate than the bilirubin giving 
the indirect reaction (Van den Bergh) 

Third That when the two types of sera are shaken with chloroform, 
the “indirect” bilirubin passes into solution into the chloroform while 
the “direct” bilirubin does not (Grunnenberg (93)) 

Fourth That the bilirubin from obstructive jaundice is dialyzable 
through a collodion membrane, while the bilirubin from hemolytic 
jaundice is not (Hoover and Blankenhorn (111), Brule, Garban and 
Weissman (29), Leschke (ISl)) 

Andrews, revieiving these differences, concludes that the bilirubin 
giving the indirect reaction is in fine suspension instead of in true solu- 
Uon, or that possibly it is a polymer of the “direct” type VTiile the 
first three differences may be venfied, the wnter has been unable to 
confirm any difference in the dializabihty of bilirubin whether from 
obstructive jaundice or from hemolytic jaundice 
Colhnson and Foww eather (38), accepting the formula for the com- 
position of bihrubm suggested by Fischer (74), who regards it as an aad 
with two carboal groups, capable of forming salts which will differ in 
certain properties from the free acids, says "while the bilirubin giwng 
theprompt direct reaction is an alkali saltwhichwebeliexeis probably 
the ammonium salt, the form which is responsiblcfor the indirect reac 
tion IS the free aad present in the blood in a colloidal state ” The 
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writer has been unable to confirm CoUinson and Fowweather’s experi- 
ments The serum giving the diiect reaction could not be converted 
into one giving the indirect reaction by the addition of hydrochlonc 
acid, and only in rare cases did the addition of ammoma to sera giving 
the indirect reaction hasten the reaction with the diazo-reagent 
Davies and Dodds (49), who made an interesting study of the limits 
of hydrogen ion concentration between which the reaction of the diazo- 
reagent and bilirubin takes place, state that the indirect reaction is 
produced by oxidized bilirubin, i e , bihverdin, but biliverdin does not 
give the Van den Bergh reaction Roberts (230) believed that the 
“indirect” bilirubin is in free colloidal condition, and the “direct” 
bilirubin is in combination with some substance “the nature of which 
is as yet undetermined ” Newmann (203) concludes from his experi- 
ments that the difference between these two types of the Van den Bergh 
reaction is due to an underlying chemical difference between the 
bilirubins 


Among the advocates of the second theory, Adler and Strauss (5), in 
a series of papers speak of a physico-chemical change in the state of 


serum proteins, namely a change in the 


globulin 

albumin 


ratio, which, accord- 


ing to them, would be considerably lowered in cases of obstructive jaun- 
dice, while it would be normal in hemolytic jaundice Some of the 
authors’ experiments are interesting and have been confirmed by the 
writer, such as the influence of temperature, the addition of alcohol, of 
salts of caffein, in accelerating the reaction. The assumption that 


the 


globulin 

albumin 


ratio plays an important role in the behaviour of the Van 


den Bergh reaction is unwarranted, as the Van den Bergh reaction 
changes from the indirect type into the direct in one, four or five hours 
after biliary obstruction (Barron and Bumstead) without any change 
in the G A ratio Feigl and Querner (64) suggest a possible hpoid 
linkage as an explanation for the indirect type of bilirubin, which 
Andrews was unable to confirm Levi-Crailsheim (154) supports the 
theory of protein-linkage stating that serum giving the indirect Van 
den Bergh reaction will give a direct reaction after digestion with 
pepsin, pancreatin or even liver extracts The wnter has been unable 
to confirm these findings Neither commercial pepsin nor pancreatic 
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extract proved to be active, bad no effect in accelerating the rate of 
the reaction lhannhauser and Andersen (264) state that the addi- 
tion of bile salts, or mixtures of cholesterol and bile salts, can change a 
serum giving the indirect reaction into one giving the direct reacUon 
Adler and Strauss (5), as well as several other invesUgators, were 
unable to confirm this statement Bollmann, Sheard and Mann (24), 
made an important contnbution to the theory of the chemical identity 
of these two types of reaction by demonstrating that alcohol-acetone 
solutions, and even aqueous solutions of icteric serum from patients 
having obstructive and hemolytic jaundice, gave the same curve of 
light transmission when measured spectrophotometrically Never- 
theless, in their conclusions concerning the difference of these two 
types of reactions, they state that “it might appear that the direct 
reaction of obstructive jaundice is due to the retention in the blood 
of a substance which destroys this linkage of bilirubin with scrum ” 
The writer, while investigating the problem (14), has made use of 
solutions of bilirubin and normal serum, having thus two controlled 
factors bilirubin and scrum, each of the same chemical constitution 
When sodium bilirubinate, buffered to pH 8 43" and giving a direct 
Van den Bergh reaction is added to normal human blood serum in 
increasing amounts up to 12 mgm per cent, a typical indirect reaction 
IS obtained When the concentration of bilirubin is increased to 16 
mgm percent, the reaction becomes of thebiphasic type,i e ,thecolour 
appears twenty seconds after the addition of the diazomum salt, 
reaching its maximum intensity two minutes later When the bili- 
rubin concentration is higher than 16 mgm per cent, a direct reaction 
IS obtained The following conclusions can be formulated from these 
experiments Some constituent of the serum has a tendency to adsorb 
bihrubin, and this adsorpbon of bilirubin prevents the immediate 
coupling with the diazomum salt Much has been written in regard 
to the forces which are operating on the surfaces to cause these adsorp- 
tion effects One group of workers has taken the viewpoint that the 
reactions are purely physical, while others have insisted that the forces 
are those of chemical union It is no longer expedient to lay great 
stress upon this difference, since molecular attraction of every degree 

’ Bilirabm is dissolved m s/20 NaOH and 4 M phosphate mutures ol pH 7 00 added 
The bilirubin remains in solution for some minutes only, alter which it precipitates 
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Monge (194) has found an increase in the bilirubin content of the 
blood some days after residence at high altitudes The over-activity 
of the blood forming and blood destroying tissues observed under 
those conditions, together with the effect of anoxemia to be discussed 
below might possibly explain this observation 
The hyperbilirubinemia of infants is well known Thus from fifty 
newborn infants examined, Meyer and Adler (177) found only fifteen 
without signs of jaundice. The bilirubin content of those infants 
without jaundice fluctuated from 0 6 to 0 9 mgm per cent in the blood 



Fig 1 Daily Variations of the Blood Biurdbin 


taken from the arm, while the blood from the umbihcal vein gave 
higher figures (from 0 9 to 2 1 mgm per cent) 

Sex seems to have no influence, although Schiff (252) states that 
bilirubinemia is higher in males than in females The writer has 
been imable to confirm this observation 

PATHOLOGIC ALTERATIONS OP BILIRUBINEMIA 

The maintenance of the concentration of the blood bihrubm within 
normal limits is a result of the interplay of different factors which 
enter into the production and excretion of the pigment The number 
of erythrocytes in the blood and the rate of their destruction; the 
function of the reticulo endothelial system and the polygonal liver 
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the blood serum, presence of bihrubin m the unne, absence or scarcity 
of bile pigments in the stools (2) Non-ohstruchve jaundice where the 
primary and initial cause of the syndrome depends upon a deficiency 
of the bihrubm excretory function ol the polygonal liver cells, an insuf- 
ficiency produced by the action of bacterial or non-bactenal toxins or 
by prolonged anoxemia Very rarely an enormous overproduction of 
bihrubm can also produce this type of jaundice 

Seldom is this type of jaundice, which is merely a functional cellular 
insufficiency maintained in the initial phase Dunng this penod it 
will be characterized by hyperbihrubmemia, an indirect Van denBergh 
reaction, absence of bihrubm m the unne, increased bihrubin m the 
stools and the presence of urobilin m the unne Generally the patho- 
logic process advances further and as a consequence, there is actual 
destruction of the hepatic polygonal cell, eventually leading to dis- 
continuity and derangement of the bile canahculi During this second 
stage, the Van den Bergh reaction will be direct and bilirubin will be 
found m the urine, as will be explained later. 

A Obstruclvoe jaundice 

The mechamsm of complete obstructive jaundice in its early stages 
has recently been studied by Bumstead and the writer (12) After 
ligating the ductus choledochus, and cystic duct of dogs, we measured 
the blood bihrubm at different intervals and observed the Van den 
Bergh reaction The results were as follows first, there was an 
increase of the indirect Van den Bergh reaction, which appeared usually 
between the beginmng and end of the second hour after obstruction 
Following this penod the biphasic reaction appeared and usually lasted 
one to two hours Finally the direct reaction appeared 4 to 5 hours 
after obstruction, and remained as long as the obstruction persisted 
(figs 2 and 3) When obstruction was released, the sequence of the 
Van den Bergh reaction was reversed, i e , the direct reaction was 
replaced by the biphasic, then by the indirect and finally the reaction 
became negative (the dog has normally a negative Van den Bergh 
reaction) It was suggested that the fiirst increase of the indirect type 
of reaction was due to a temporary reflex inhibition of the liver cell 
function due to ligation of the ducts This is comparable to the reflex 
anuna which may occur when the ureter is ligated It was also found 
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that the direct reaction appears before any rupture of the bile capil- 
lanes is visible As the bile capillanes are dilated they extend between 
the liver ceDs as small distended pouches, the blind ends of these lying 
in contact with the capillar}'- spaces Then diffusion of bile from these 
thin walled pouches into the penvascular spaces takes place, diffusion 
being favored by the mounting pressure within the bile ducts (as 
found by Bollmann, Sheard and Mann (24)) The latter was given 
as an explanation of the appearance of the direct Van den Bergh reac- 
tion These e:spenmental studies have been confirmed by Mayo and 
Green (171), and they also have been frequently confirmed in this 
clinic, by the observation of numerous cases of obstructive jaundice, 
and especially those produced by gall stones where, when the jaundice 
begins to dimmish the direct Van den Bergh reaction is changed into 
biphasic and then into indirect 

The mechamsm of complete obstructive jaundice of long standing is 
fairly well understood As shown by Eppinger (58) for the first time, 
and confirmed by Abramow and Samoilowicz (4) the bile canahcuh, 
in these cases, are distended and tortuous, and as their walls are 
frequently ruptured, the bile empties into the peri-vascular lymph 
spaces Associated with this, some necrosis of the liver cells accom- 
pames obstructive j’aundice (Ogata (207)) 

Obstructive jaundice can, therefore, be satisfactorily explained 
As the first period of hyperbihrubinenua associated with the indirect 
Van den Bergh reaction lasts only for a few hours, it can, for practical 
purposes, be discarded Obstructive jaundice may be charactenzed 
in the laboratory by hyperbihrubinemia with direct Van den Bergh 
reaction, the presence of bilirubin in the unne as soon as the renal 
threshold has been exceeded (about 2 mgm per cent of blood bihrubm), 
and the absence or scarcity of bile pigments m the stools Jaundice 
here appears more promptly than in the second group, probably be- 
cause of the physico-cheimcal condition of the bilirubin in the blood 
As It remains free from adsorption by the serum proteins, it is more 
easily diffusible and thus stains the tissues in general, and the skin and 
mucosas in particular, more quickly than in the second group The 
degree of bilirubinemia -will depend on the length of time and degree 
of obstruction, being more pronounced in cases of complete obstruc- 
tion, and will follow the same course as that observed in expenmental 



BILIRUBINEMIA 


101 


obstructive jaundice (fig 3) Obstructive jaundice may be caused 
by the followng pathologic conditions (I) An obstacle inside the 
lumen of the bile ducts, (2) alteration of the walls of the larger ducts, 
(3) a compression of the duct 

Among the first group, the most common cause of jaundice is 
cholchthiasts Usually it is accompanied by all the symptoms of ob- 
structive jaundice Sometimes, however, it gives only slight transient 
jaundice (Meulengracht (181)), in which case the direct Van den Bergh 
reaction can be of diagnostic importance According to Kehr (123) 
about 30 pec cent of all gallstone cases and 75 per cent of common 
duct stone cases have a history of jaundice Takata (260) reports 15 
cases of bibary colic examined during or shortly after the attack in 
every one of which an increase in the amount of bilirubin was found 
without the presence of visible jaundice 

Parasites may produce obstructive jaundice Mertens (174) re- 
ports 48 cases in which Ascaris lumbrtcoides, entering the common bile 
duct from the duodenum, produced jaundice Recently, LabbC and 
Denoyelle (141) Fiessinger (68) and Panayotatou (209) have reported 
sirmlar cases Hydatids {Taenia echinococcus) are a frequent cause 
of obstructive jaundice in cattle raising regions Castex, Romano 
and Beretervidc (34) have related cases of hydatid cyst resembling 
the classic forms of obstructive jaundice 

Jaundice due to hydatid cysts can be produced in the following 
ways (1) by rupture of the cysts into the lumina of bile ducts, (2) by 
mechanical compression of the bile ducts by a cyst developing in the 
interior portion of the liver (3) by complicated infections of the cyst 
or Its surroundings (Tnas Pujol (265)) Faciola hepahco (Distomum 
hepalicim), Opisihorchts Sinensis and Opistohorchis novcrca have been 
found in the bile ducts (RoUeston and McNee (231)) 

The most common cause among the second group is cholangitis In 
Its infective and suppurative form, it is usually associated with gall- 
stones Kietz (136) describes under the name of Icterus duodenohs a 
type of jaundice produced by inflammatory swelling of the duodenal 
mucosa and subsequent inflammation of the end portion of the ductus 
choledochus Cruvelhier (43) states that scats produced by the 
cicatnzation of duodenal ulcer can give place to a stenosis of the ductus 
choledochus Moyniham (197) reports 11 cases in which there was 
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jaundice consequent to cicatncal contraction of the duodenal ulcer 
involving the papilla (see also Bickel (20)) Beingolea (18) reports 
a case of jaundice produced by duodenal diverticulum Primary 
tumours of the bile ducts, though rare, (Miller (189)) are among this 
group Atresia and congenital stenosis of the bile ducts, sometimes seen 
in infants, (Frensdorf (81) andHallez, (96)) are also causes of obstruc- 
tive jaundice 

Among the third group there are in the first place, tumours compress- 
ing the bile ducts Primary tumous of the liver give rise to obstructive 
jaundice only when by their growth they compress large bile ducts 
(Counseller and Mclndoe (41), Smith (254)) This is in accordance 
with the observation of McMaster and Rous (185), on the amount of 
bihary obstruction required to produce jaundice The bile ducts from 
three fourths of the hver substance in dogs and monkeys could be 
obstructed without any chnical evidence developmg of pigment or 
cholate accumulation in the organism 

Malignant tumours of the duodenum, especially of the papilla of Vater 
(Letulle (152)) are accompamed by jaundice In some cases of tumours 
of the paplla of Vater, Carnot (37) has observed intermittent jaundice 
before the development of a permanent jaundice Malignant tumours 
involving the head of the pancreas are frequent causes of jaundice 
(Fowler (78)) Millane (190) finds that jaundice occurred in 82 cases 
out of 113 cases of tumours of the pancreas Whether chronic pan- 
creatitis will or vill not compress the common bile duct depends on 
the anatomical relation of the ductus choledochus to the head of the 
pancreas In 38 per cent of the cases the duct passes behind the head 
of the pancreas, and in these cases chronic pancreatitis need not com- 
press the common bile duct In 62 per cent of the cases the common 
bile duct IS imbedded in the head of the pancreas (Helley (101)) and 
in these cases jaundice usually occurs Gummatous infiltrations in 
and around the head of the pancreas cause rare cases of jaundice. 
Pancreatic cysts seldom press on the liver ducts and produce jaundice 
(McPhedran (186)). Eemorthagic pancreatitis may be assoaated 
with jaundice Large pancreatic calculi m the ampulla of Vater or 
in the termination of Wirsung’s duct, compressing the terminal part 
of the common bile duct, may give rise to jaundice (Gould (90), 
Kinmcut (127), Murray (200)) 
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Enlarged glands of the hepatic pedicle can also produce obstructive 
jaundice, this enlargement being the consequence of intrahepatic 
inflammation, malignant disease, tuberculosis, syphilis, lymphadenoma 
and Hodgkin’s disease Jean (117), Potosching (215), Hubsch (114) 
report cases of jaundice produced by tuberculous glands of the hepatic 
pedicle Pepper (211) reports a case of jaundice due to compression 
of the hepatic pedicle by an enlarged gland m a case of Hodgkin’s 
disease Jaundice is a common compheabon of caranoma of the 
stomach and Fenwick (65) reports the presence of jaundice in 13 7 
per cent of cases 

Aneurism of the abdominal aorta near the coehac plexus may press on 
the common bile duct and so cause jaundice and dilatation of the gall 
bladder (Dickinson (52)) Aneurism of the hepatic artery may com- 
press the bile ducts above the entrance of the cysbc duct (Rolland 
(233)) Aneurism of the superior n'lescntcric artery near its ongin from 
the aorta has been known to compress the bile duct and give nse to 
jaundice (Willson (280)) Scholl (248) reports a case of jaundice due 
to movable hdney Ilcpatoptosis can also produce jaundice (Howell 
(113) Steele (256)) Poynder (216) reports that ovarian tumours can 
also be the cause of jaundice 

Obstructive jaundice, especially when the obstruction is not com- 
plete, may last for a considerable length of bme without endangenng 
the life of the patient Wangensteen (274) reports a patient who 
lived for 3 years 

B Non-obstructive jaundice 

a Non-obstructive jaundice followed by liver cell necrosis 

The essenbal feature of this group is that jaundice starts as a conse- 
quence of an insufBciency of the polygonal liver cells giving place to a 
retention of the blood bilirubin Let us for convenience make a dia- 
gram of a portion of the liver (fig 4) Normally the bilirubin nhich 
diffuses from the blood capillanes into the penvascular spaces is taken 
up by the polygonal liver cells and excreted into the bile canaliculi 
and from thence to the intestine If this excretory funebon of the 
liver cells becomes damaged to a sufficient degree, or the damage being 
of lesser degree, if there is assoaated with it an increased production 
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of bilirubin, some of the pigment will be retained and a condition of 
hyperbilirubinemia results. This bilirubin being adsorbed by the 
serum proteins is more or less protected from kidney excretion, and, to 
a certain extent, from difltusion through the blood capillaries in general 
As a consequence the clinical symptom of jaundice will be reached only 
after the hyperbilirubinemia has lasted for some days An indirect 
Van den Bergh reaction associated with hyperbilirubinemia and 
absence of bilirubin in the urine will therefore be the characteristic of 
this phase of non-obstructive jaundice with necrosis But the patho- 
logical process seldom stops at this phase Generally, the damage of 


D 





Fig 4 Diagram Representing a Section through the Liver Parenchyma 

1 Normal liver A, polygonal liver cells, B, penvascular space, C, blood capdlaiy, 
B, Kupffer cell 

2 Pathologic hver, showing polygonal liver cells at different stages of degeneration 


the liver cell increases, and, as a consequence, some of the cells reach 
the final state of destruction The continuity of the bile canaliculi 
having been destroyed, it is obvious that some of the bile will reach 
the penvascular spaces and diffuse into the blood capillaries The 
above represents the second stage of this jaundice group, where the 
Van den Bergh reaction is direct, jaundice is more intense, and 
bilirubin is found in the urine If the body overcomes the pathological 
process, the hver cells regenerate, and the discontinuity of the bile 
canahculi having disappeared, the Van den Bergh reaction will become 
indirect, remaimng above the normal hmits until the cells have re- 
covered their normal function The Van den Bergh reaction in the 
average or severe cases of this type of non-obstructive jaundicebehaves 
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in the same way as it does in obstructive jaundice However, there 
IS this important difference that here the indirect Van den Bergh 
reaction lasts a longer time and changes into the direct type only as a 
consequence of cellular destruction It is in the study of this type 
of jaundice that Van den Bergh’s contribution has been of the utmost 
value, not only for differential diagnosis but espeaally for prognosis 
If benign cases of this group are accompanied by an indirect Van den 
Bergh reaction, the transformation of the Van den Bergh reaction into 
the direct type will be the consequence of a severe cellular damage 
leading to necrosis of the polygonal cell The greater the seventy of 
the liver cell damage, the greater will be the bilirubincma If the 
inflammatory process has subsequently produced the obstruction of 
bile capillanes or bile ducts (cholangitis) there will also be more or 
less decoloration of the stools However, its distinctive feature and 
progress will remain invanable, as above outhned 

Two mam groups belong to this type of jaundice (I) infectious 
jaundice, (II) toxic jaundice 

infechous jaundtcc 

The modern conceptions of the pathogenesis of infectious jaundice 
have been based on the researches of Chauffard, Widal and his col- 
laborators, and it required a long time to relinquish the old classical 
theones based on Vichow’s observations, namely, that this kind of 
jaundice was produced by occlusion of the bile ducts, and that the 
infection was of intestinal origin, being transmitted to the liver via the 
bile ducts It IS of interest to recall that Chauffard (48) was the first 
to point to the insufficiency of the liver in catarrhal jaundice, tbs fact 
resulting from bs expenments on ahmentary glycosuna and inter- 
mittent ehmination of methylene blue Whether jaundice appears as 
a complication in the course of a general infection or whether it is the 
mam symptom of the malady, the course of events is the same, 
infectious hepatitis, damage of the liver cell, with impairment of its 
functions It is not until some time later, as the infection progresses, 
that a cholangitis develops, and the classic bile tbombi may be seen 
witbn the lumen of the bile capillanes Infectious jaundice can be 
divided into two groups, pnmary and secondary But either one or 
the other form will follow the same evolution 
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Sometimes the infection is of a bemgn type, and liver damage is 
recogmzed only by the presence of h)^erbi1irubmemia with an indirect 
Van den Bergh reaction, urobihnuna, absence of bilirubin m the unne 
and subicterus Generally the infection produces a destruction of 
some hepatic cells, and subsequent cholangitis, and the jaundice will 
become more evident with the development of a direct Van den Bergh 
reaction Chauffard says “en matiere d’lctere infectieux, depuis 
I’lctere catarrhal le plus simple jusqu’a I’lctere grave le plus rapidement 
mortel, tous les intermediaires existent ” The nature of the organism, 
the intensity and duration of the infection, the localization and vanety 
of the hepatic lesions are the factors which govern the degree and char- 
acter of bihrubmenua, and determine the chmcal course of the disease 

Pnmary ^7lfecko^^s jmindtce Under this group are considered those 
cases where the initial septicemia has attacked the liver primanly 

Spirochetal jaundice, not infrequent in the United States (Sailer 
(242), Hayman (100)), is a very well known climcal entity since the 
discovery of its causal agent {Spirocheta ictero-hemorrhagica, by Inada 
and Ido) Jaundice starts 4 or 5 days after the onset of the malady, 
and reaches its maximal intensity 2 or 3 days later There have been 
no reports of the degree and quahty of bihrubmenua dunng the first 
days and the only available figures are those found when jaundice is 
an obvious symptom 

Yellow fever Generally jaundice makes its appearance on the third 
day of the malady but at times is recognized on the second day, or 
even may not be definitely present during life, or recogmzed only 
shortly before death The Van den Bergh reaction according to 
Edotz and Simpson (132) gives a high indirect type when performed one 
day before the appearance of jaundice Afterwards it becomes direct 

Catarrhal jaundice Armld infectious jaundice with varied etiology, 
it is a common disease In numerous cases the presence of Bacillus 
paratyphosus in the blood has been reported (S Coste, Boyer and 
Montel (39, 40), Sacquepee (239), Frankel (80) Sarraile (240) Canta- 
cuzene (32)) More rarely Bacillus typhosus (Savy and Delachanal 
(241)) 3.ndBacillus coli (Widal, Lermerre and B6nard (276)) have been 
isolated Unfortunately, m the vast majority of cases m this country, 
it has not been possible to isolate the germ which is the underl 3 ang 
cause of catarrhal jaundice 
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Secondary tnfcdtous jaundice Numerous infections are com- 
plicated by jaundice Pneumonia is frequently accompanied wth 
hyperbilirubinemia and clinical jaundice There has been some dis- 
cussion about the origin of jaundice in pneumoma Banti (10) thought 
that It Mas of hemolytic nature and m support of this theory Pollack 
(213), Herzfeld and Steiger (105) reported the presence of bilirubin in 
the sputum But as Feigl and Querncr (64) pointed out, the hepatic 
nature of this sort of jaundice is non clear To the initial infectious 
hepatitis, sometimes a condition of anoxemia is added, which can 
prenpitate or increase the jaundice Lundsgaard (157) observed a 
decrease in the content of the oxygen of the capillary blood in 10 to 20 
per cent of patients ivith lobar pneumonia Hastings and coworkers 
(99) in 10 cases of pneumonia, found 8 in which on one or more occa- 
sions there was an arterial saturation of oxygen below 90 percent In 
SIX cases the arterial saturation was below 85 per cent, a level of arterial 
saturation at nhich symptoms of mountain sickness may begin in nor- 
mal individuals who are transferred to high altitudes (Bancroft et al 
(11), Monge (194)) Binger (22) in 130 patients wth lobar pneumonia 
finds that SO per cent of them show an oxygen saturation between 80 
to 89 per cent Radvig (220) observed in a senes of nine patients with 
lobar pneumonia, one case with direct reaction, two with biphasic 
reaction and four ivith high indirect reaction Schiff (246) reports 
clinical jaundice in 21 out of 826 cases of lobar pneumoma, of which 
only eight died, and concludes that jaundice is not of senous prognostic 
significance Although the presence of hyperbilirubinemia with indi- 
rect Van den Bergh reaction is of no senous prognostic significance, 
the writer is of the opinion that a direct Van den Bergh reaction in 
pneumonia must be senously considered as it indicates an advanced 
hepatitis The prognosis is particularly senous when jaundice occurs 
dunng pneumonia m children 

J aundtcc in syphilis Early jaundice dunng the secondary manifes- 
tations of syphilis has often been reported, and recently O’Leary, 
Greene and Rowntree (208) mention one case in which the bilirubi- 
nemia, when the jaundice was already established, reached 7 9 mgm 
per cent, the reaction being of the direct type Late jaundice in 
untreated syphilis is ordinarily a result of interference ivith the outflow 
of bile by a gumma of the liver or scarnng of the liver Jaundice can 
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follow an initial injection of arsphenamine due to the Herxheimer 
'reaction, which is characterized by an exaggeration of the local 
inflammatory process 

Many other infections may produce jaundice as a complication, its 
pathogenesis being the same as in all cases of infectious jaundice, e g , 
streptococcus infections (Abrami, Richet and Monod (3), scarlet fever 
(Meurisse (175), Izard (115)), gonoccous infectious (Raynaud, Mont- 
pellier and Boutin (222)), appendicitis (Caplesco (33)), infectious 
mononucleosis (Mason (169)), influenza (Crawford (42)) 

To give a long table indicating the degree of bihrubmemia found in 
the chnic in these different forms of jaundice would be superfluous 
When the infection is of imld nature and produces only a moderate 
hepatitis with slight cellular insufficiency, there will be a moderate 
hyperbilirubinemia, with indirect Van den Bergh reaction Clinically 
there will be no jaundice or a slight degree of jaundice in the mucosas, 
especially the conjunctiva If the infection has been more intense and 
as a consequence some hepatic cells have been destroyed, thus break- 
ing the continuity of the bile channels, the jaundice will become obvi- 
ous, the hyperbilirubinemia will increase, and the Van den Bergh 
reaction will become direct In infectious jaundice as well as in toxic 
jaundice all degrees of bihrubineima are observed 

Toxic 3 aundxce 

Intoxications as well as infections produce m the liver a similar series 
of effects resulting in the degeneration and death of the hepatic cells 
When the intoxication is slight the liver damage may be of so mild a 
nature that no clinical symptoms of jaundice are found. The liver 
insufficiency will be recognized only after the performance of func- 
tional tests Hyperbilirubinemia with indirect Van den Bergh reac- 
tion will be generally present When the intoxication is of more 
severe type, the cellular degeneration produces the destruction of more 
or less extended areas of liver parenchyma Jaundice, hyperbilirubi- 
nemia with direct Van den Bergh reaction will be present, the mech- 
anism of its production being the same is in infectious jaundice 
Granting the same degree of cellular damage, the degree of hyper- 
bilirubinemia will depend upon whether the toxic substances act on the 
liver cell alone or whether they produce at the same time an increased 
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destruction of red blood cells (hemolytic poisons) As non-obstructive 
jaundice is a funcUon of two factors, c g , the efficiency of the liver 
cell and the degree of bilirubinemia, it is obvious that hyperbilirubi- 
nemia ivill be found if to a liver cell, slightly insufficient, but still 
able to excrete the bilirubin from the blood when present in normal 
amounts, is associated an increased red cell destruction 



Tig 5 BtURUDiNEurA in ARSpnENAiiiNE Jaundice 

1 Twenty days after treatment (Received at the Climc with symptoms of jaundice) 

2 Ten days after treatment 

^ Indirect Van den Bergh reaction 

O = = — ’ — Biphasic reaction 

+ Direct reaction 

Arsphcnmmne jaundice Since the introduction of salvarsan and 
Its allied compounds in the treatment of syphilis, varying degree of 
hepatitis have resulted from their use, which sometimes end m death 
This IS due to the poisonous effect of the drug or of its decomposition 
products Isolated opinions denying the toxiaty of arsphenamin 
(MiUian (191)) are unfounded and have been contradicted by unfor- 
tunate expenences, w-here the death of the patient followed continua- 
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tion o£ salvarsan injections, after jaundice had appeared as a com- 
plication of treatment (Ravaut (221)) Jaundice can occur a few days 
after' treatment (early jaundice) or several weeks after the end of a 
course of treatment (late jaundice) (Report of Salvarsan Committee 
of the Medical Research Counal (173)) The earliest jaundice after 
salvarsan treatment has been reported by Stumpke and Bruckmann 
(259), who found jaundice two hours after the injection Generally, 
however, it is from 10 to 20 days after treatment that jaundice be- 
comes manifest 

Early jaundice is usually of a mild evanescent character and seldom 
severe and persistent . On the other hand, late jaundice is more senous 
and prolonged, and may sometimes be an expression of acute yellow 
atrophy of the liver Gerard (83), from 370 cases of sj^hilis treated 
with arsphenamine, finds that 281 did not show hyperbihrubinemia 
at any time However, there was hj^erbilirubinemia in 89 cases, i e , 
in 24 per cent of the cases Fnedeman (82) states that 35 per cent of 
his cases showed hyperbihrubinerma 

Martin and the wnter,^ studjnng cases of arsphenamine jaundice 
have found that the evolution of bilirubinemia and the Van den Bergh 
reaction foUow the same steps as those already described as character- 
istic of this group of jaundice (fig 5) The first phase of hyperbili- 
rubinemia with indirect Van den Bergh reaction can be recogmzed only 
when doing bihrubm determinations continuously and before any 
chmcal signs of jaundice are noticed, the second and third phases 
(i e , biphasic and direct Van den Bergh reactions) are found as soon 
as chmcal jaundice is present The last phase of hyperbihrubinemia 
with indirect reaction lasts for many days, showing evidence of the 
slow recovery from a complete liver efficiency 

Patients with high bilirubinemia, indicating, of course, damage to 
the liver, should be protected from further damage by withholding 
salvarsan (Dixon, Campbell and Hanna (53)) The Van den Bergh 
reaction and bilirubin detemnnations must be continuously performed, 
not only durmg arsphenamine treatment, but especially before the use 
of the drug. When arsphenamine is adroimstered to a patient having 
a bihrubinemia of about 5 mgm per hter, the use of the drug must be 
suspended as soon as this bihrubinemia begins to increase 


^ Unpublished observations 
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The toxic effect of chloroform on the liver cells is very ell know n, as 
it IS frequently employed for experimental purposes Drury and Rous 
(54) found that after prolonged chloroform anesthesia there vas an 
a.cute suppression of bile, as evidenced by the secretion of “uhite bile” 
from which bilirubin, cholesterol, and bile salts were absent This bile 
suppression was found to be due to a disturbance of the excretoiy 
pou er of the liver cells 

Carbon tetrachloride as a specific poison of the lixer cells has been 
reported by Lamson and his associates (142-145) The toxic effect 
of phosphorous on the liver cell is very well known Other drugs have 
been mentioned as capable of producing toxic jaundice, e g , atophan 
(Klinkert (131)), biloptin or diiodoatophan (Schwarz (250)), luminal 
{Neber (201)), acetylene tetrachloride (Schibler (245)) 

During the great xvar picric acid xvas used to simulate jailndice 
Merklen (176), Brule, Javilher and Bacckeroot (30) vere able to 
demonstrate that picric acid when taken during prolonged periods 
can produce a toxic hepatitis, and as a consequence, a true jaundice 
can result 

Rocnlgcii ray irradiations can also produce toxic jaundice Cameron 
and Flecher (31) relate tuo cases, one of carcinoma of the pancreas 
xvithout liver involvement, and the other of carcinoma of the pylorus, 
XX here two days after ex-posure to Roentgen rajs, there xxas a rise in 
the bihrubinemia Case and Warthin (36) also mention the occur- 
rence of hepatic lesions in patients treated by intensive deep Roentgen 
radiations 

The action of ultraviolet rays has been studied by Pennetti (210) 
He exposed dogs to the action of ultraviolet rays and determined the 
number of red blood cells, hemoglobin and bihrubinemia He found 
a small increase of red blood cells and hemoglobin after the first fexx 
days, due to the stimulating action of these rays upon the hemopoietic 
organs and bone marrow in particular The bihrubinemia remained 
constant After this came a second period with diminution of red 
blood cells and hemoglobin, accompanied by an increase of bilirubi- 
nemia, which disappeared rapidljr after suspension of treatment 

Mercury has a more selective action upon the kidneys, but cases 
have been reported xvhere it also produced hepatic lesions resulting 
in jaundice (Fiessmger (69), and Letulle, Le Noir, Oettinger (153)) 
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In this clinic the wnter has observed a case of mercury intoxication 
where there was a biphasic reaction with a bihrubinemia of 1 5 mgm 
per cent 

Tetrachlo) ethane (employed in the fabrication of artificial pearls) 
when absorbed in the vapor state by inhalation, can produce jaundice 
(Wilcox (279), Fiessmger, Brodin and Wolf (70)) Tnmtrotoluene, 
used during the war as an explosive in shells, and dinitrobenzol, are 
also responsible for the production of jaundice (Spilsbury, Turnbull 
and Stewart (255)) 

Among the foodstuffs capable of produang toxic jaundice, mention 
must be made of jaundice produced by mussels (Fiessmger and Ravina 
(71)), and poisonous mushrooms 

Lead, toUiylenedtaimne, and acehc ac-id all produce jaundice by a 
double mechanism To their toxic effect upon the liver cells has to be 
added their hemolytic action on the red blood cells As a consequence, 
jaundice will appear as an early symptom These cases of toxic jaun- 
dice are extremely interesting as they throw hght on the pathogenesis 
of many cases grouped under the name of “hemolytic jaundice ” Let 
us take acetic acid (Kaznelson (121), Landau (146)), or intoxication 
by lead (Lewin (155)), since both have the same form of action When 
one of these toxins is administered in small doses, there is first an 
increased destruction of red blood cells, soon followed by a slight insuf- 
ficiency of the liver cells with concomitant hyperbilirubinemia Here 
the hyperbilirubinemia is produced by two combined factors, either 
of which, when separated, would not alone be able to produce bilirubin 
retention The Van den Bergh reaction in this case is indirect If 
the amount of toxin is increased, there is produced a jaundice similar 
to an ordinary catarrhal jaundice In both cases injury of the liver 
can progress to the so-called yellow atrophy Toluylenediamine 
jaundice has an interest because it has been widely used for experi- 
mental purposes, and its pathogenesis has been the subject of many 
discussions Formerly considered as a true hemolytic jaundice, today 
its hepatic nature is undoubted, as confirmed by Eitel’s (56), and 
Yuasa’s (287) recent investigations The nature of the jaundice pro- 
duced by phenylhydraitne (a drug used in the treatment of poly- 
cythemia vera) has been recently investigated in Aschoff’s laboratory 
by Alcobe (2) and Abeloff and Hummel (1) Unfortunately their 
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contradictory experiments cannot be regarded as conclusive and the 
solution of this problem requires further research It is probable, 
though not yet proved, that phenylhydrazme acts m the same way as 
toluylenediamine does, i e , by impairing the excretory function of the 
liver cells and at the same time, by produang, due to its hemolytic 
properties a sudden increase in the bilirubin formation 
Cardiac jaundice The cause of jaundice in circulatory failure has 
been from time to time the source of discussion, oving to the difference 
of opinion as to whether the hepatic lesion was due to a circulatory 
disturbance or whether to a toxic factor, bacterial or non-bactenal 
Oertel (206) came to the conclusion that jaundice was not due to an 
hepatitis, but was most probably due to a mechanical cause in the form 
of chronic stasis Mallory (165), on the other hand, held that the dis- 
appearance of liver cells in chronic passive congestion was the result 
of bacterial necrosis Bolton (25), studying experimental venous pas- 
sive congestion of the hver, came to the conclusion that the mechan- 
ical factor of stasis was the only cause in these cases Meakins (172) 
gives as a cause of stasis the slowing of the circulation, aggravated by 
anoxic-anoxemia Fischberg (76) explains this jaundice by the com- 
bination of two factors (1) injury to the hver cells by chronic passive 
congestion and, (2) increased destruction of red cells Eppinger (59) 
considers that the chief source of hyperbihrubinemia is the multiple 
hemorrhagic infarcts which occur so readily in the congested lungs and 
speaks of the similarity of the histologic picture of the spleen in chronic 
passive congestion and hemolytic jaundice 
It IS now generally agreed that chronic passive congestion which 
severely injures and often destroys many hver cells about the efferent 
veins of each lobule, is the fundamental cause of the hyperbilirubinemia 
present m cardiac failure Two theories have been formulated to 
explain its production (1) that the cells are damaged by pressure 
from the dammed-back blood, and, (2) that they are damaged by the 
defiaent supplj of oxygen Rich (229), in collaboration with Bum- 
stead, observed that in pernicious and secondary anermas as well as 
in expenmentally produced anemias, the cells about the efferent veins 
of each liver lobule may be damaged in a manner often indistinguish- 
able from that accompanying chronic passive congestion, and he put 
forward the opinion that the damage to the liver cells in chronic passive 
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congestion may be referable rather to poor oxygenation than to pres- 
sure To prove the validity of this theory, it was necessary to demon- 
strate that anoxemia alone was able to produce an insufficiency of the 
bilirubin excretory power of the liver cells Resnik and Keefer (223) 



Fig 6 The Eitect oe Anoxemia on the Bilirubin Excretory Function of the Liver 

• Bilirubin excretion curve in normal dogs (average of five expenments) 

O Bilirubin excretion curve in anoxemic dogs (average of five similar 

expenments) The dogs were kept from six to eight days in especially designed cages 
which contained from 6 to 10 per cent of oxygen Three mihgrams of bilirubin per kilo- 
gram weight were injected intravenously The bihrubm in the blood serum was deter- 
mmed first five imnutes after the injection, and afterwards every twenty minutes 


attempted to prove this theory by subjecting anesthetized dogs, pre- 
viously poisoned by carbon tetrachlonde (the dogs were given CCI 4 24 
hours before the production of anoxemia) to short periods of anoxemia 
(8 to 10 hours) They reported the presence of bilirubin in the blood 
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serum and concluded that this hihrubmemia was caused by the action 
of anoxemia It is well known, since Lamson’s observations, that 
carbon tetrachloride alone produces bilirubmemia from 24 to 48 hours 
after the administration of the drug Rich and the writer (IS) have 
kept dogs under reduced oxygen tension (from 6 to 8 per cent oxygen 
content) for a penod of 8 to 10 days At the end of this period, bili- 
rubin was injected intravenously and its concentration measured in 
the blood of ^ese ammals at definite intervals thereafter The curves 
obtained were compared to those found under normal conditions In 
anoxemic dogs there was an obvious decrease m the rate of bilirubin 
excretion (fig 6) thus showing conclusively that the liver cells are very 
susceptible to anoxemia 

The reason for the frequency, evolution and appearance of jaundice 
in cardiac disease becomes thus quite clear Anoxemia must be 
present over a long period in order to produce suihaent liver damage 
Clinical experience obviously confirms this view, as hyperbilirubinemia, 
when occurring in heart disease, is present only in the chrome forms 
The greater frequency of jaundice m nutral disease is also easily com- 
prehensible The anoxemic condition of the liver caused by chronic 
passive congestion, produces an insuffiaency of the liver cells and 
gives rise to a hj-perbihrubinemia with an indirect Van den Bergh 
reaction This state of latent jaundice is often masked by the diffi- 
culty in recognizing the colour of the skin due to the accompanying 
cyanosis When cardiac failure is complicated xvith infarcts of the 
lungs, jaundice is specially apt to occur (Eppinger (60), Libman 
(156), Rich and Resnik (229) and Keefer and Resnik (126)) In this 
condition the pathogenesis is explained on the same basis, for the exist- 
ing anoxemia has been increased, the damage to the hver cells is sud- 
denly exaggerated, and the latent jaundice is then transformed into 
climcal jaundice The Van den Bergh reaction becomes either biphasic 
or direct, depending on the proportion of liver cell destruction 

Ctrrhosts of the liver The degree of hyperbilirubineima in cirrhosis 
of the hver depends on the extent of the chronic inflammation pro- 
duced by the causal agent (toxins, infections, parasites), and the exten- 
sion and distribution of the fibrous reaction In portal cirrhosis, 
either of the Laennec or the hypertrophic type, the insufficiency of the 
hver cells, at least at the early stages, can ordinarily be discovered only 
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congestion may be referable rather to poor oxygenation than to pres- 
sure. To prove the validity of this theory, it was necessary to demon- 
strate that anoxemia alone was able to produce an insufficiency of the 
bihrubin excretory power of the liver cells Resmk and Keefer (223) 



Fig 6 The Eitect of Anoxemia on the BiurtjbinExcketory Function of the Liver 

• Bilirabin excretion curve in normal dogs (average of five experiments) 

O Bilirubin excretion curve in anoxemic dogs (average of five similar 

expenments) The dogs were kept from six to eight days in especially designed cages 
which contained from 6 to 10 per cent of oxygen Three mihgrams of bilirubin per kilo- 
gram weight were mjected intravenously The bilirubin in the blood serum was deter- 
mined first five mmutes after the mjection, and afterwards every twenty minutes 


attempted to prove this theory by subjecting anesthetized dogs, pre- 
viously poisoned by carbon tetrachlonde (the dogs were given CCI4 24 
hours before the production of anoxemia) to short periods of anoxeima 
(8 to 10 hours) They reported the presence of bilirubin in the blood 
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that all cases of pregnancy having over 1 mgm per cent of bihrubm 
m the blood serum be observed carefully Hyperemesis gravidarum 
and eclampsia are often accompanied by jaundice, and Eufinger and 
Bader (63) in 20 cases of hyperemcsis found 8 cases with direct Van den 
Bergh reaction, and in 15 cases of eclampsia observed 8 cases with 
direct Van den Bergh reaction All the authors agree upon the fol- 
lowing conclusions The estimation of bilirubin in the blood serum of 
these patients is of great value in prognosis, since there is a parallelism 
between the gravity of the symptoms and the degree of bilirubinemia 

h T rue non obstructive jaundice 

The nature of true non-obstructivc jaundice has been and still is 
the subject of much controversy Catalogued by the majonty of 
authors under the title of "hemolytic jaundice,” it was considered as 
due essentially to an increased red cell destruction, and overactivity of 
the centers where their destruction takes place It seems that these 
investigators, impressed only by one of the factors which enter into 
the production of jaundice overlooked the other factor, i c , the effi- 
ciency of the liver cell in excreting bilirubin 

Rich* has recently pointed out that to maintain a persistent non- 
obstructivc jaundice a combination of two factors are almost always 
required (1) an increased bilirubin production, and, (2) an insuffi- 
ciency of the liver cells The question arises “what may cause insuffi- 
ciency of the liver cells?” The experiments of Rich and the wnter, 
previously cited, demonstrated that by the sole action of prolonged 
anoxemia in dogs the following phenomena resulted (1) a diminution 
of the ability of the liver to excrete bihrubm injected intravenously, 
and (2), microscopically (in dogs and guinea pigs), the production of 
lesions of the liver analogous to those found in pernicious anemia, 
hemolytic jaundice, sickle cell anemia and anemia experimentally pro- 
duced m dogs by long continued hemorrhages These experiments 
show that the mechanism of injury to the liver cells in this type of 
jaundice is produced by the combination of two factors (1) The 
production simultaneously of hyperbilirubinemia and anemia, due to 
prolonged and increased destrucuon of erythrocytes, (2) a chronic 


To be pubbshed 
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state of anoxemia due to the anemia winch injures the liver cell and 
diminishes its bilirubin excretory function Hyperbilirubinemia plus 
inefficient function of the liver cell will produce jaundice It is true 
that the injury resulting from this mild state of anoxerma is not suffi- 
cient to produce by itself a bilirubin retention If the amount of 
bdirubin elaborated by the reticulo-endothehal system does not exceed 
the normal limits (anerma by hemorrhage) the liver cell will still be 
able to excrete the pigment As soon, however, as the bilirubin pro- 
duction exceeds the normal limits, the liver cell null be unable to dis- 
pose of the excess and permanent hyperbilirubinemia and jaundice 
will follow 

Malaria 

Since the malarial parasites hve within the red blood cells, every 
erythrocyte harboring the Plasmodium will be destroyed As a conse- 
quence, every attack of fever dimimshes the total number of red blood 
cells from 5 to 10 per cent, and anemia is the immediate consequence 
The spleen becomes enlarged, since this organ plays an important r61e 
in the catabohsm of destroyed erythrocytes Chauffard (46) has 
descnbed a syndrome “hepato-splemque” in cases of acute malana 
In these cases, splenomegaly is the first symptom to appear After 
treatment, the spleen reverts to its normal size, while the liver becomes 
congested and increases its volume 

The degree of bdirubinemia in malana depends on the chmcal type 
of the disease, and its duration The accompanying jaundice is related 
to the degree of anemia, that is, the greater the anemia, the deeper 
the jaundice 

In acute malana there is transient hyperbilirubinemia but seldom 
jaundice During the attack of fever the bihrubmemia nses above 
its normal value Schachsuvarly (243), Russo and Serbmoff (238) 
find hyperbilirubinemia which reaches as high as 6 mgm per cent 
Kingsburg (128) m 150 cases of malaria finds that the bilirubmemia 
reaches an average of 0 74 mgm per cent m quartan malana, 1 74 
mgm per cent in tertian malaria, and 2 mgm per cent m tropical 
malaria Ross (236), from 30 cases of tertian malana, finds hjqier- 
bihrubinemia in 29 In aU of these cases the Van den Bergh reaction 
was of the indirect type While Arellano (9) and Eangsburg (128) 
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find a relation between the size of the spleen and hyperbilirubinemia, 
Schachsiivarly (243) denies this relationship 
Special mention must be made of the behaviour of “malana inocu- 
lata,” the use of which is increasing since its introduction by Wagner 
von Jaurcgg as a therapeutic procedure in the treatment of neuro- 
syphihs In spontaneous malana, all authors agree as to the presence 
of hyperbilirubinemia with a constant indirect Van den Bcrgh reaction 
A more or less severe liver damage is often produced in malana inocu- 
lata, as manifested by the presence of chnical jaundice with the direct 
Van den Bergh reaction O'Leary and his assoaates (208) report sit 
cases of malana inoculata, all showing direct Van den Bergh reactions 
and a bilirubinemia of from 3 mgm to 23 mgm per cent In this 
dime, out of eleven cases of malana inoculata, there was one givinga 
direct reaction and bilirubinemia of 6 01 mgm per cent, five giving 
biphasic reactions and bilirubinemia of from 2 mgm to 3 57 mgm per 
cent the remaining five cases behaved as spontaneous malana (slight 
hyperbilirubinemia with indirect Van den Bergh) It is not at present 
clear just why more severe hver damage occurs in malaria inoculata 
than in spontaneous malaria 

Blackwaler fever 

The considerable erythrocyte destruction occurring in this disease 
can produce a transient and early hyperbilirubinemia, due solely to 
bilirubin overproduction and inability of the normal hver cell to get 
nd of this excess bilirubinemia The jaundice present in this disease, 
however, is generally due to severe liver damage as Ross has shown 
Ross (236) finds the presence of a hyperbilirubinemia with the in- 
direct type of Van den Bergh reaction when extremely mild hemoglobi- 
nuria develops When the jaundice is manifest, and hemoglobinuria 
severe, the Van den Bergh reaction becomes positive 

Carnon’s disease {Oroya fever) 

This disease, caused by a blood parasite, Bartonella bacilliformis, 
and charactenzed essentially by prolonged fever and severe anerma, 
with a blood picture of intense regeneration, is confined to the occu- 
pants of the valleys of Peru, and presents an extremely interesting 
clinical picture Pew other pathological entities produce so severe a 
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destruction of erythrocytes (Arce®). During the first period of the 
disease, called by Weiss (281) the “hematic phase,” the germ affects 
predominantly the circulating erythrocytes When the second penod 
or “hystioid phase” is reached, the germ is mainly localized in the cells 
of the reticulo-endothehal system In Carrion’s disease, as m malana, 
hyperbilirubinemia and jaundice run parallel to the degree of anemia 
The Van den Bergh reaction is always of the indirect type (Guzman- 
Barron, A (94)) 

Icterus neonatorum 

Among the many varieties of j’aundice, icterus neonatorum has 
occupied a pecuhar place for many years Though its climcal char- 
acter, its frequent occurrence and its benign course are very well 
known, its pathogenesis has caused considerable discussion The ques- 
tion of its hepatic or hemolytic origin has been much debated Un- 
animity of opinion, among pediatncians, has not yet been reached. 
From the considerable literature devoted to the subject one gathers 
the following facts 

Hyperbilirubinemia is normally present in the new born and is even 
present during intrauterine life, since it is found that the bilirubin 
content of the blood of the cord is higher than that m the blood of the 
arm of the infant (Hirsch (109), Yllpo (288), Schiff and Farber (252)). 
The Van den Bergh reaction is always indirect whether the blood be 
taken from the umbilical cord or from the arm (Klemperer (129), 
Klnopfelmacher and Kohn (133), Grulu and Mebane (92), Lepehne 
149)) The amount of bilirubin increases after birth, reaches its 
maximum between the fifth and seventh day and then subsides (Hallez 
(97), Mitchell (193)) This is explained in the following manner 

There is normally a polycytherma in the newborn (Lereboullet (150), 
Ziegelroth (290)), and an increased number of young immature nucle- 
ated red blood cells (Greil (88), Goldbloom-Gottheb (89)), due to a 
chronic state of anoxemia during the intrautenne life (Ziegelroth 
(290)). After birth these cells are destroyed m excess as shown by the 
hemoglobin detemunations and red blood cell counts (Wilhamson 
(283)) This red cell destruction may sometimes be accelerated either 
by the presence of hemolysins from the serum of the mother (observed 
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by IMitcbell (193) and Lcnart (147) though Goldbloom and Gottheb 
(89) have not been able to confirm it), or by a marked increase in the 
fragility of the red corpuscles (Goldbloom and Gottlieb (89)) 
Jaundice is most frequent in premature, under developed infants 
(LercbouUet (150)) 

There is a functional insufficiencj of the liver of the newborn due 
to a functional immatunty of the liver (Heynemann (107), Illpo 
(289)), which in some cases has been detected by using liver function 
tests unrelated to tlie bilirubin excretory power, e g , levulose test, 
IVidal test 

There are, therefore, in icterus neonatorum, the two factors which 
Rich regards as necessary to the production of true non-obstructive 
jaundice, namely, increased red cell destruction and insuffiaent liver 
cell function 

Perntaous aneinta 

Scheel (244) was the first to show the presence of hyperbilirubineima 
m permcious anemia, but until Van den Bergh’s (269) studies, no 
quantitative determinations were made Van den Bergh reported 
an increase of bilirubinemia in pernicious anemia from four to eight 
times above the normal values Numerous in\estigators have subse- 
quently reported the presence of hyperbilirubinemia in pernicious 
anemia (Eppinger (60), Botzian (26), Robertson (232)) Leaving out 
of account the etiology of the disease, w’hich is still unknoivn, perm- 
aous anemia belongs to the group of anemias with red cell destruction 
This increased red cell destruction is favoured by the extrusion into 
the general circulation of young immature erythrocytes condemmed 
to early destruction by the reticulo endothehal system There are, 
therefore, present in perniaous anemia the two factors necessary for the 
production of permanent bilirubin retention liver cell insufficiency as 
a consequence of longstanding anemia and over-production of bilirubin 

This liver insuffiaency in permcious anemia has been indicated in 
studies by Harrop and the wnter, (13), who have measured, in perni- 
cious anemia patients, the bilirubin excretory function of the liver 
While normally the hver excretes within two to four hours the bihrubin 
injected intravenously (1 mgm bilirubin per kilogram of body w eight), 
patients with pernicious anemia and normal bihrubinemia show a 
marked retention of the injected pigment (fig 7) 
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The amount of blood bilirubin in pernicious anemia is variable and 
depends on the degree of anemia and the number of young immature 
cells present in the blood stream In this dime the maximum value 
found has been 3 mgm per cent Perkin (212) in 13 cases of per- 
nicious anemia finds from 1 9 mgm to 0 45 mgm per cent Mosse 
(196) has observed a fall in bilirubinemia after splenectomy The 



Fig 7 Bn-muBiN Excretion Curve in Pernicious Aneiha 
In full lines are given the three types of normal excretion curve 
In broken hnes are the bilirubin excretion curves in five cases of pernicious anemia (In 
none of these patients was a bilirubinemia higher than 1 mgm per cent previous to the 
injection ) 

decrease of blood bihrubin with the improvement of the anemia is 
easily understandable in the hght of what has been said concerning the 
adverse influence of anoxemic conditions on the function of the poly- 
gonal liver cell 

Stckle cell anenna 

Since this disease is one in which the anemia is produced by erythro- 
cyte destruction, a permanent state of hyperbilirubinemia will be 
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reached as soon as the anoxemia resulting from anemia injures the 
polj’gonal liver cell, and impairs its bilirubin excretory poiver Alden 
(6) reports two cases with hyperbilirubinemia, and Schifl (246) made 
identical observations m four cases In this clinic there have been 
three cases of sickle cell anemia in which the blood bilirubin ranged 
from 1 mgm to 4 20 mgm per cent The Van den Bergh reaction 
is indirect as in all cases belonging to this group 

Latent javndtcc 

When injury to the polygonal liver cell has reached the particular 
level which allows only a partial excretion of bilirubin, a state of 
hyperbilirubinemia wall result ivithout reaching clinical jaundice It 
IS obvious that onlj wth the detection of the blood bilirubin will the 
clinician be able to recognize these cases of latent jaundice All the 
types of jaundice belonging to the non-obstructive group associated 
with cell destruction will result in latent jaundice when the lesion is of 
benign nature, i e , when cellular destruction has not been reached 
The most common causes of latent jaundice are found in chronic 
cardiac decompensation, pneumonia and arsphcnamine jaundice 
Short temporary obstruction of the bile du'"’ due to gallstones can 
also be the cause of latent jaundice (Ta m (260)) Among this 
group, the cases of famihal jaundice, firs'. Jesenbed by Gilbert (85) 
must be considered These are conditions of chronic and hereditary 
liver insufficiency (Manson (168)), detectable only by the permanent 
state of hyperbilirubinemia Diabetes is often assoaated with latent 
jaundice The presence of gallbladder disease in diabetic patients 
IS frequent Rabmowntch (219), as well as Castle, Mullholand and 
Bailey (35), maintain that it plays an important etiological factor 
m the production of diabetes 

Paroxysmal hemoglobmuria 

This chronic disease, usually due to syphihtic infection, manifesting 
Itself in paroxysms of hemoglobinuria, offers the most typical example 
of pure hemolytic hyperbilirubinemia The serum of patients suffer- 
ing from this disease 'contains a speafic hemolysin which is adsorbed 
by the surface of red blood cells when the temperature is lowered 
below 15°C Dunng subsequent warming to body temperature the 
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hemolysm becomes active through the influence of the complement 
normally present in the blood, and hemolysis ensues. IColiler and 
Obermayer (135) observed a patient whose red blood cells fell 690,000 
per cubic millimeter during an attack Montagnani (195) reports a 
case where there was a loss of two million red cells per cubic millimeter 
Jones (119), studying the bilirubin concentration in the blood and 
duodenal contents found, first a transient state of hyperbilirubinemia 
which reached ts maximum 45 minutes after the attack, from this 
point the bilirubin gradually returned to normal, while the bilirubin 
of the duodenal content increased correspondingly 

Following the more severe attacks of hemoglobinuria, a little icteric 
staimng of the sclerae and skin is perceptible for a few days (Mackenzie 
(166), Barta, and Gorog (16)) 

Ectopic pregnancy, extravasation of blood 

Whenever there is a local hemorrhage, the hemoglobin of the extra- 
vasated blood is changed into bilirubin, but the appearance of jaundice 
is extremely rare, as the excretory power of the liver cells is suflicient 
to prevent its appearance Dick (51) reported three cases of ruptured 
ectopic pregnancy with severe mtrapentoneal hemorrhage, jaundice 
of the skin and conjunctiva and no bile in the urine Norris (205) 
reports two patients with ruptured ectopic pregnancies and j'aundice, 
and states that the presence of jaundice is of great importance, and 
may frequently be the symptom which determines the differential 
diagnosis, but Horowitz and Kuttner (112) have recently denied the 
presence of j'aundice in ectopic pregnancy, since, in fifteen cases, they 
did not find increased bihrubinemia 

Congenital and acquired hemolytic laundice was described for the first 
time by Minkowski (188), and was charactenzed in its essential fea- 
tures by Chauffard (44, 47) and by Widal and his associates (277) 
Hemolytic jaundice, as is well known, is characterized by hyperbih- 
rubinemia with indirect Van den Bergh reaction, absence of bile in 
the urine, coloured stools, lowering of the osmotic resistance of the 
red blood cells against hypotomc solutions of sodium chloride, a con- 
siderable enlargement of the spleen, chronic anemia and morphologic 
alterations of the red blood cells Jaundice is such a dominant symp- 
tom that Chauffard has described these patients epigrammatically 
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as “plus ict6nqucs que malades ” The bihrubincmia is vanable 
Botzian (26) finds figures fluctuating from 2 to 9 15 mgm per cent 
Kaznelson (122) reports, m one case, a bilirubinemia of 7 25 mgm per 
cent Schiff (246) finds from 2 5 to 7 5 mgm per cent In this chnic 
the values fluctuate betw een 2 mgm and 9 94 mgm per cent The last 
figure seems to be Uie highest bilirubinemia found m hemolytic jaun- 
dice The Van den Bergh reaction in this case was “delayed biphasic,” 
1 e , tlie colour reaction appeared thirty seconds after the addition of 
the di azo-reagent, reaching its maximum intensity several minutes 
later, but no bile was found in the urine It has been said that a solu- 
tion of bilirubin added to normal serum gives an indirect reaction, 
until a certain concentration is reached (16 mgm per cent) beyond 
which the reaction becomes direct It is therefore, possible, though 
probably eatremely rare, to observe cases of hemolytic jaundice giving 
biphasic Van den Bergh reactions If the amount of bihrubin exceeds 
the saturation point, or, the bihrubinemia being not so high, if the 
concentration of serum protein is lowered, theoretically a change in 
the Van den Bergh reaction may appear 
The disappearance of jaundice observed in cases of congenital 
hemolytic jaundice after splenectomy, has been confirmed through 
bilirubin determinations before and after splenectomy by several 
investigators (Rich and Rienhofl (228), Schiff (246)) Sometimes, 
after splenectomy, there is a change in the Van den Bergh reaction 
A case of this nature nas observed in this chmc A patient with 
hemolytic jaundice (indirect Van den Bergh reaction, bilirubinemia, 
8 34 mgm per cent) was splenectomized The day following the 
splenectomy, the Van den Bergh reaction became biphasic, and the 
bilirubinemia dropped to 3 76 mgm per cent Some days later the 
Van den Bergh reaction became indirect with a bilirubinemia of 1 
mgm per cent That the spleen takes a considerable part in the over- 
production of bihrubin has been demonstrated by Kaznelson (122), 
Eppinger (60) and others, who found more bihrubin in the splenic 
\ ein than in the peripheral circulation 
Although the excellent results obtained by splenectomy in cases of 
congenital hemolytic jaundice seem to favor Minkowski’s first observa- 
tion that this IS primarily a disease of the spleen, the persistence, in 
some cases, of the diminished osmotic resistance of the red blood cells 
after splenectomy complicates this inteipretation 
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In acquired liemolyHc jaundice splenomegaly is the consequence and 
not the cause of the hyperbilirubinemia, as the inconstant results pro- 
duced by splenectomy seem to prove 
Widal and his associates consider that the primary cause of hemo- 
lytic jaundice is the alteration of the red blood cells due to hemolysins 
fixed on their surface, which renders them more susceptible to destruc- 
tion These hemolysins may be either of exogenous or endogenous 
origin The presence of hemolysins in the pathologic spleen has not 
as yet been demonstrated In four cases of splenectomy for hemolytic 
jaundice, those of Vaquez and Giroux (271), Antonelh (8) and two of 
Kahn (120), hemolysins have not been demonstrated. The following 
questions present themselves for analysis 
Is hemolytic jaundice of strictly hemolytic nature^ Is there only 
overproduction of bihrubin without any hepatic lesion? Widal and 
his associates deny any participation of the hver cell since the carbo- 
hydrate tolerance test, and the Widal test have been negative in cases 
studied by them But how is it possible to draw conclusions about 
the functional efficiency of the bihrubin excretory power of the hver 
cell from the results of tests which measure quite different functions? 
Can there not be isolated dysfunction? The existence of such states 
in hver pathology is beyond doubt 

The production of a hver lesion by the action of uncomplicated 
anoxerma, a lesion which produces a delayed excretion of bihrubin 
injected intravenously and the presence of this same disturbance in 
pernicious anemia, strongly suggests similar functional impairment of 
the hver cell in hemolytic jaundice, especially in its late stages, when 
anemia is always evident 
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In acquired hemolyhc jaundice splenomegaly is the consequence and 
not the cause of the hyperbilirubinemia, as the inconstant results pro- 
duced by splenectomy seem to prove 
Widal and his associates consider that the primary cause of hemo- 
lytic jaundice is the alteration of the red blood cells due to hemolysins 
j&xed on their surface, which renders them more susceptible to destruc- 
tion These hemolysins may be either of exogenous or endogenous 
origin The presence of hemolysins in the pathologic spleen has not 
as yet been demonstrated In four cases of splenectomy for hemolytic 
jaundice, those of Vaquez and Giroux (271), AntoneUi (8) and two of 
Kahn (120), hemolysins have not been demonstrated The following 
questions present themselves for analysis 
Is hemolytic jaundice of stnctly hemolytic nature? Is there only 
overproduction of bilirubin without any hepatic lesion? Widal and 
his associates deny any participation of the liver cell since the carbo- 
hydrate tolerance test, and the Widal test have been negative in cases 
studied by them But how is it possible to draw conclusions about 
the functional efficiency of the bihrubm excretory power of the hver 
cell from the results of tests which measure quite different functions? 
Can there not be isolated dysfunction? The existence of such states 
in liver pathology is beyond doubt 

The production of a hver lesion by the action of uncomplicated 
anoxerma, a lesion which produces a delayed excretion of bihrubm 
injected intravenously and the presence of this same disturbance in 
permcious anenua, strongly suggests similar functional impairment of 
the hver cell in hemolytic jaundice, especially in its late stages, when 
anemia is always evident 
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In acquired hemolyhc jawidtce splenomegaly is the consequence and 
not the cause of the hyperbilirubinemia, as the inconstant results pro- 
duced by splenectomy seem to prove 
Widal and his associates consider that the primary cause of hemo- 
lytic jaundice is the alteration of the red blood cells due to hemolysins 
fixed on their surface, which renders them more susceptible to destruc- 
tion These hemolysins may be either of exogenous or endogenous 
origin The presence of hemolysins in the pathologic spleen has not 
as yet been demonstrated In four cases of splenectomy for hemolytic 
jaundice, those of Vaquez and Giroux (271), Antonelh (8) and two of 
Kahn (120), hemolysins have not been demonstrated The following 
questions present themselves for analysis 

Is hemolytic jaundice of stnctly hemolytic nature? Is there only 
overproduction of bihrubm without any hepatic lesion? Widal and 
his associates deny any partiapation of the liver cell since the carbo- 
hydrate tolerance test, and the Widal test have been negative in cases 
studied by them But how is it possible to draw conclusions about 
the functional efficiency of the bilirubin excretory power of the liver 
cell from the results of tests which measure quite different functions? 
Can there not be isolated dysfunction? The existence of such states 
in liver pathology is beyond doubt 

The production of a hver lesion by the action of uncomphcated 
anoxemia, a lesion which produces a delayed excretion of bihrubm 
injected intravenously and the presence of this same disturbance in 
pernicious anemia, strongly suggests similar functional impairment of 
the hver cell in hemolytic jaundice, especially in its late stages, when 
anemia is always evident 
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In acqimed hemolyhc jaundice splenomegaly is the consequence and 
not the cause of the hyperbihrubmemia, as the inconstant results pro- 
duced by splenectomy seem to prove 
Widal and his associates consider that the primary cause of hemo- 
lytic jaundice is the alteration of the red blood cells due to hemolysins 
fixed on their surface, which renders them more susceptible to destruc- 
tion These hemolysins may be either of exogenous or endogenous 
origin The presence of hemolysins in the pathologic spleen has not 
as yet been demonstrated In four cases of splenectomy for hemolytic 
jaundice, those of Vaquez and Giroux (271), Antonelh (8) and two of 
Kahn (120), hemolysins have not been demonstrated The following 
questions present themselves for analysis 
Is hemolytic jaundice of stnctly hemolytic nature? Is there only 
overproduchon of bilirubin without any hepatic lesion? Widal and 
his associates deny any participation of the liver cell since the carbo- 
hydrate tolerance test, and the Widal test have been negative in cases 
studied by them But how is it possible to draw conclusions about 
the functional efficiency of the bilirubin excretory power of the liver 
cell from the results of tests which measure qmte different functions? 
Can there not be isolated dysfunction? The existence of such states 
in hver pathology is beyond doubt 

The production of a liver lesion by the action of uncomphcated 
anoxerma, a lesion which produces a delayed excretion of bihrubin 
injected intravenously and the presence of this same disturbance in 
pernicious anemia, strongly suggests similar functional impairment of 
the hver cell in hemolytic jaundice, especially in its late stages, when 
aneima is always evident 
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introduction 

/ 

“Nephrosis” began its existence in medical nomenclature as a point 
of view The original views of Virchow in regard to parenchymatous 
inflammation proved inadequate and were replaced by the concepts 
of exudation and proliferation in the vascular and supporting systems 
This made it desirable to have a general term for these changes in 
renal epithelium so commonly found but not properly belonging under 
the term “nephritis” which connotes “inflammation of the kidney ” 
It lias Friedrich Muller (1) who first saw the opportunity of clarifying 
the situation and in 1905 suggested the term “nephrosis” for the 
purely degenerative conditions of the kidney, meaning, presumably, 
although not expressly stating it at that tune, the tubular nephro- 
pathies, and not the equally degenerative vascular changes of arteno- 
and artenolosclerosis Friedrich Muller realized the difficulty of 
absolutely distinguishing, in some instances, between purely degen- 
erative and partly inflammatory renal diseases even in morphological 
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studies Hence he was justly conservative in making no claims for 
clinical differentiation, although he had the possibihty clearly m mind 
''Nephrosis,” therefore, was for the time being largely an anatom- 
ical term 

In less than ten years after its introduction the term "nephrosis” 
was to take the German medical world by storm and this time on a 
bold clinical footing with a solid pathological background As one 
of the trinity of Volhard and Fahr’s (2) classical division of bilateral 
hematogenous, renal disease — nephrosis, nephritis and nephrosclerosis 
— it became rapidly popular among most German clinicians, while 
stirring up a host of antagonists in the camp of pathologists A few 
years later, nephrosis made its appearance m the United States as 
"Epstein’s nephrosis,” was translated on a somewhat shaky basis to 
Great Bntain where it has only recently achieved any real recognition, 
and invaded France on occasions without making any senous impres- 
sion upon the physiological classification of renal diseases prevailing 
there Somewhat before the publication of Volhard and Fahr’s mono- 
graph in 1914, Munk (3) established the unique significance of "hpoid 
degeneration” in the kidneys and the presence of doubly refractile 
hpoid droplets in the urinary sediments of patients with "chronic 
parenchymatous nephritis” especially on a luetic basis He quickly 
adopted the term "nephrosis,” prefixing the word "hpoid,” and thus 
gave the name “hpoid nephrosis” to the class of patients under dis- 
cussion — a name that was far more accurately descriptive than any 
hitherto proposed With Munk (4) the disease spread beyond the 
organic confines of the kidneys to become a general constitutional 
disturbance of all the colloids of the body His views were widely 
accepted Epstein (5) took a less mysterious, rather more logical, 
view of the situation, particularly in regard to nephrotic edema He 
reverted to Starhng’s (6) pioneer work on the role of the coUoid osmotic 
pressure of the serum proteins in the exchange of fluids between the 
vascular and tissue spaces in normal and edematous states, and built 
up a superstructure of fact and theory which will be considered m 
detail later These developments m our knowledge of nephrosis 
came rather rapidly, thanks to the enormously stimulating effect of 
the new classification and terminology upon the morphological, chnical 
and biochemical studies of renal disease 
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From 1905 to the present, there has been a considerable evolution 
in the meaning of “nephrosis,” particularly on the chnical side The 
tendency has been to restrict tlie name to a much narrower and more 
clearly defined group of cases This change in content has been criti- 
cized by Its opponents as indicating lack of unanimity and absence of 
a clear conception in regard to the disease It seems to the reviewer 
that the present restricted significance of “nephrosis” is a desirable 
state of affairs and indicative of increasing clarity rather than confu- 
sion in the nosology of renal diseases It will be the purpose of this 
review to indicate the evidence in favor of the existence of a definite 
chnical and pathological “entity” known as nephrosis (“lipoid," 
“genuine,” etc ), to compare it with the "nephrotic syndrome” in 
chronic glomerulonephritis and amyloidosis, to point out the manifold 
relationships of the disease to problems m pathological physiology and 
above all to emphasize the defects in our knowledge concerning these 
problems Considered from this point of view, the question as to the 
emstence or non existence of a “pure nephrosis” becomes vastly 
secondary to the acquisition of more facts and better theories concern- 
ing albuminuna, the formation and persistence of edema, the metabo- 
lism and deposition of lipoids in the tissues, and the true rdle of the 
kidneys in certain forms of so-called Bright’s disease To the histori- 
cally minded clinician or pathologist it will occur that exactly similar 
problems confronted Bright (7) and that it has taken a hundred years 
to establish more definitely some of the facts and theories that he so 
modestly brought forward 

A few words are necessary in regard to the objections of some 
pathologists to the term “nephrosis ” Aschoff (8) and others have 
objected to its etymological significance— "full of kidney ” As F 
Mtiller (9) pointed out in 1916 this objection is invalidated by the 
established usage of “osmosis,” cirrhosis,” “phimosis,” etc Aschoff’s 
own substitute “nephropathy” is objectionable because it has both a 
general and a particular meaning Another name given by Aschoff 
(8) was “nephrodystrophy ” This took ivith Lowenthal (10) who 
turned it into “lipoid nephrodystrophy ” It is not surprising that 
“nephrosis” or “hpoid nephrosis” was not rapidly displaced by these 
equivalents The repeated attempts of Aschoff and others to raise 
the question of “tubular nephritis” versus “tubular degeneration” 
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have led to no useful results inasmuch as inflammation is largely what 
one defines it to be, and to those who have accepted Lubarsch’s defini- 
tion, the concept of “tubular nephritis” becomes partly a philosophical 
point of view rather than one of morphology It seems at the present 
writing that “nephrosis,” with or without some qualifying adjective, 
has come to stay and represents good medical usage, when properly 
defined and dehmited 

WHAT “nephrosis” DOES NOT INCLUDE 

As used in tins review “nephrosis” does not include a variety of 
anatomical and chmcal conditions that, at one time or another, have 
all been subsumed under that heading The simple albuminurias and 
cyhndrurias of febrile conditions and metabolic diseases, the more 
severe forms of renal disease produced by various metallic and other 
poisons, the specific nephropathy of pregnancy which in its marked 
albuimnuria and edema bears a superficial resemblance to nephrosis — 
all of these have nothing truly in common with the specific clinical 
and pathological condition designated in this review as “nephrosis,” 
and will therefore be left out of the picture Volhard, Fahr, Munk, 
F Muller and Epstein while at first using “nephrosis” in its more 
general and anatomical sense have aU admitted the uniqueness of the 
disease “nephrosis” in its limited sense 

definition of IvfEPHROSIS 

What do we mean by “nephrosis^” It is a rare chronic disease of 
children and young adults, usually insidious in its onset and without 
any definite relationship to infectious diseases in most cases although 
in some the condition seems to follow chilling, upper respiratory infec- 
tions, or active lues The underlying cause is not known The clin- 
ical features are both positive and negative, the latter as important 
as the former Among the positive findings are subcutaneous edema 
and fluid in serous cavities, albuminuria, ohguria, waxy pallor, typical 
urinary sediment, good renal concentrating ability, decreased protein 
and increased lipoid content of the plasma or serum and decreased 
basal metabolic rate The negative or absent findings are hematuria, 
increased blood pressure, cardiac hypertrophy or enlargement, abnor- 
mal peripheral or retinal arteriosclerosis for the age of the individual, 
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renal insufficiency and true uremia The course is tj pically chronic, 
\Mth remissions during which all of the signs and s)mptoms, with the 
exception of albuminuria, may disappear Complete recoverj may 
occur after months or years of a checkered course of ups and downs 
Often, how ever, the general state of the patient is such as to predispose 
him to various acute and chronic infections, particularly pneumococcal 
in origin, the outcome of which is very likely to be fatal The pa- 
thology of nephrosis is at present limited to the kidneys, in which 
tubular degeneration of a characteristic tiTie is found in the absence of 
any significant or primary glomerular or xascular changes, rvith the 
processes of parenchymal atrophy, cirrhosis and contraction occurring 
very exceptionally, if at all, in the uncomplicated type The mor- 
phologic picture thus distinguishes nephrosis from any other type of 
renal disease, especially from chrome glomerulonephritis which may, 
at some stage in its course, produce a strikingly similar chnical picture 
The pure, uncomplicated type of nephrosis is rare at autopsy Very 
frequently, there exists in addition a mild chronic glomerulonephritis 
which has been overlooked clinically Less commonly amjloidosis is 
found, especially in those patients in whom the chnical picture of 
nephrosis has developed during the course of one of the forms of chronic 
suppuration or cachexia ordinarily responsible for general amyloidosis 
It is felt by the reviewer tliat a more critical chnical study of patients 
with suspected nephrosis would result in fewer incorrect diagnoses and 
disappointing pathological findings, and a firmer establishment of the 
existence of pure nephrosis As ordinanlj made, the chnical diagnosis 
of “pure nephrosis” very often means, at autopsj, a mild chronic 
glomerulonephritis of the nephrotic type 

CLINICAL DESCRIPTION IN DETAIL 

a Incidence The disease is very rare, ex en clinically, in the pure 
uncomplicated form Epstein (11) claims to hax'e had an unusuallx 
large experience but does not give sufficiently detailed statements or 
case reports in his articles to allow accurate conclusions to be draxvn 
Schlayer (12) found only 6 cases of nephrosis among 300 cases of 
Bright's disease and m one or tw o of the six there w as some doubt as 
to the diagnosis Eppinger (13) mentions only 4 cases of pure nephro- 
sis in “many thousand” cases of renal disease Kollert (14) also 
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points to the extreme rarity of the pure disease Naturally, the inci- 
dence at autopsy becomes even more vanishing Fahr (15), who has 
had the largest experience of any pathologist in this field, required 
twelve years to obtain 8 autopsies that could withstand the withering 
criticism of experienced opponents like Lohlem and Aschofi Bell 
and Hartzell (16) had no case of nephrosis in their excellent review of 
69 cases of glomerulonephritis among 3300 consecutive routine post- 
mortem examinations McElroy (17) reports one uncomplicated case 
at autopsy out of a chnical study of 600 patients with Bright’s disease, 
of whom 19 are considered as having “hpoid nephrosis ” In short 
the clinical incidence of nephrosis is somewhere between 1 and 5 per 
cent of aU patients with bilateral, non-suppurative renal disease Any 
reports of a much higher incidence are to be regarded with suspicion 
Richard Bright himself probably never saw a case of nephrosis, as 
judged from his pubhshed case reports (7) (18) and the statement of 
Aschoff (19) Weigert, according to Volhard (20), hunted all his life 
for a pure degenerative type of renal disease, without success 

b Age and sex distnhtiUoii It is difficult to give accurate informa- 
tion concerning the age distribution of patients with nephrosis because 
of the uncertainty m regard to the diagnosis clinically In general, 
however, practically all of the cases have occurred in children and 
young adults The autopsy material bears this out, there being only 
one patient over 40 years old (age 53), one in the fourth decade, seven 
in the third, eight in the second and nine in the first decade in a total 
of 26 cases published by various authors While this is too small a 
series from which to draw statistical conclusions, it probably repre- 
sents a fair approximation to the actual frequency in various age 
groups In regard to sex and race there is no striking difference 
apparent 

c Etiology The actual cause of the dtseasets entirely unknown The 
pathogenesis of nephrosis will be taken up in considerable detail later 
on In the earlier reports various infectious diseases were listed as 
causes of nephrosis, the assumption being that the bacterial agent or 
toxin responsible for the manifestations of the infectious disease was 
also directly to blame for the development of nephrosis This point 
of view has lost ground, however, and it is fairly generally conceded 
now that infectious diseases play only the role of the immediate excit- 



NEPHROSIS 


143 


mg factor on a soil already prepared The disease that above all 
others seems to act in this w ay is syphilis in the active secondary stage 
A good description of such cases was included in an address by Brad- 
ford in 1907 (21) 

Munk (3) reported 14 cases occurring during active or partially 
treated lues Patients with this type of nephrosis are found in the 
older literature under the heading of acute syphilitic nephritis, often 
blamed upon the particular therapy in course at the time of the onset 
of edema and albuminuria A classical report was that of Javal (22) 
whose patient had massive edema and ascites, with marked albumin- 
uria, for almost a year, the onset occurring eleven months after a hard 
chancre and during the course of mercurial treatment Stengel and 
Austin (23) were probably the firstin the United States to demonstrate 
doubly refractile lipoids in the urine of such patients Burgerhout (24) 
detailed 5 interesting cases of luetic nephrosis but stated that lues is 
only a predisposing factor It may be significant to note that erythro- 
cytes, though not in large numbers, arc usually found in the urines of 
these patients, especially when the onset is rather acute One wonders 
if some cases do not actually represent an acute glomerulonephritis 
with marked nephrotic tendency However, purely degenerative 
forms undoubtedly occur in syphilitic patients, as emphasized by 
WohlwiU (25) 

Volhard and Fahr (2) listed 36 cases of “chronic nephrosis ” Of 
these, 18 were ascribed to tuberculosis (bones and lymph glands) S 
to lues, S to chronic suppuration (osteomyelitis, etc) and one to 
sarcoma, while 7 were classed as pure or “genuine” nephrosis of un- 
known ongin In this senes amyloidosis of the kidney corabmed with 
hpoid degeneration accounts for the predominance of tuberculosis and 
other chronic suppuration as apparent etiological factors Of this 
group only the 7 “genuine” cases and some of the luetic cases should 
be included under nephrosis as previously defined Munk (3) (4) 
(26), has consistently regarded the nephrotic syndrome in tubercu- 
losis as secondary to amyloidosis and not a true, primary nephrosis 
A sunilar opinion has been expressed by Epstein (27) In the cases 
of nephrosis unassociated with conditions known to result in amyloido- 
sis, no amyloid is ever found in the kidneys This would make it 
seem very unlikely that the amyloid deposition occurs in the advanced 
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stages of nephrosis as a secondary phenomenon The problem of the 
relationship between the two pathological processes in the kidneys will 
be taken up again later on 

It IS interesting that in Volhard’s series mentioned above syphilis 
was credited with only about 14 per cent of the cases In his book on 
renal diseases (28), Strauss states that syphihs is found in only 25 per 
cent of patients with hpoid nephrosis Munk no longer attaches to 
lues the importance that he did in his early publications but still con- 
siders the virus of syphihs as the only one known to produce hpoid 
nephrosis Epstein (11) gives lues a very minor role in nephrosis 
Most other authors agree with him The factor of coincidence has 
not been sufficiently considered 

By far the largest proportion of the cases of nephrosis falls, therefore, 
into the group of “unknown etiology ” This is simply a restatement of 
the first sentence in this section of the review The role of general 
constitutional factors, undernutrition, chronic pallor, and environ- 
mental factors such as poverty and its attendants, has been stressed 
by virtually all writers on the subject of nephrosis Similar conditions 
however are often listed as predisposing factors m many other diseases 
Hence one can only conclude that the constitutionally or environ- 
mentally unfavored individuals are very likely to develop one disease 
or another 

d Edema Without edema there is no nephrosis Edema is the 
symptom that brings the patient to the physician Edema is the 
physician’s greatest stumbling block in the treatment of this disease 
Infection of edema or ascitic fluid usually brings the patient to autopsy 
This edema may develop very rapidly, as it does in some luetic patients, 
but usually it appears insidiously, either spreading slowly and progres- 
sively or coming and going at first, as does an early cardiac edema It 
resembles the latter in the beginning, being essentially a dependent 
type of edema, fi^st involving the feet and ankles, then the legs, the 
inner aspect of the thighs, the scrotum or labia, transforming the 
lower extremities into shapeless, dead-white trunks more or less use- 
less to the patient because of their weight However, unlike cardiac 
edema, the face is early affected with variable swelling of the eye-hds, 
the cheeks, the parotid region and the boundary between the lower jaw 
and the neck This is most apparent in the morning after a night’s 
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sleep in the recumbent position A -wasy-vihite pallor ol the swollen 
face with bluish-white eye-lids gives the patient a pathognomonic 
appearance, especially when the skin is delicate, as is often the case 
The edema shifts with position Hence, the bed-riddcn patient will 
have pads under the thighs and over the lower back, while early in 
the morning the face may resemble unilateral mumps on the side that 
was dependent during the night The backs of the hands, the fore- 
arms and arms, the abdominal and thoracic walls and even the scalp 
may share in the edema when it is extreme In most patients, how - 
ever, the lower half of the body is chiefly affected m addition to the 
face Ascites is present to some degree in all cases and may persist 
long after external edema has subsided Hydrothorax is common 
Pulmonary edema of a moderate degree is found in the severe cases 
but IS rarely alarming Edema of the larynx or epiglottis is verj 
unusual Edema of the brain is diagnosed more often than proved 
and IS to be suspected only in cases with excessive anasarca and espe- 
cially severe involvement of the head and neck Repeated coma 
during severe edema with terminal fatal convulsions were reported 
by Murphy and Warfield (29) Edema of the optic nerve head has 
not been reported The frequent, watery bowel-movements observed 
during the rapid development of general anasarca and ascites, or at 
the height of a stationary dropsy, have been ascribed to edema of the 
intestinal mucosa Similar changes in the stomach may partly explain 
the nausea and vomiting during such states 
The extent and amount of edema vary considerably from patient to 
patient The stubborn persistence, hoivever, and the lack of response 
to the usual diuretic measures arc extremely characteristic of nephrotic 
edema For weeks and months the patient may be swollen to a tor- 
lorn degree and the skin of tlie legs, external genitalia, or abdominal 
wall be actually bursting and oozing, yet no change for the better take 
place Then suddenly, when the situation seems darkest, a flood of 
diuresis may set in and wash the patient out to his true form, usually 
skin and bones Therapeutic enthusiasm may be brilliantly rewarded 
if some form of therapy happens to have preceded nature’s action 
\4Tiere this is not the case one can only marvel and speculate at the 
sudden turn However, undue optimism at such a time is liable to 
be unwarranted for very soon, following a cold or other slight change 
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in the patient’s general health, a relapse may set in and the whole 
process mnd its discouraging way again Excellent descriptions of 
these chmcal events are found in Volhard’s monograph (20) and in 
Munk’s book (26) 

The edema and fluid in serous cavities may persist for weeks, months 
or years with remissions of varying degree and equally irregular re- 
lapses, Of the factors which may tend to increase the amount of tran- 
sudation the salt and water intake are undoubtedly the most important 
from the point of view of controUabihty Various upper respiratory 
infections, including inflammation of the nasal accessory sinuses, may 
have a temporary aggravating effect On the other hand, there are a 
number of instances in the literature where fairly severe intercurrent 
diseases such as erysipelas, lobar pneumonia, etc have been associated 
with or closely followed by a critical disappearance of transudates 
down to the last traces In one reported case, that of Karacsony (30) 
massive edema disappeared on two occasions immediately after the 
crisis of lobar pneumonia, when, previously, no measures had any 
effect Aldrich (31) has pubhshed very interesting material m regard 
to the course of nephrotic edema in children, particularly as modified 
by infections 

e Albuimmina If there is no nephrosis without edema, there is 
equally no nephrotic edema in nephrosis imthout albuminuria It is 
very likely, though difficult of actual proof in most cases, that albumin- 
uria usually precedes edema, sometimes at a long interval This is 
certainly true in the luetic cases where urinary examinations are ear- 
ned out during the course of anti-luetic regimes Most evident is 
the fact that albuminuria often persists after edema and ascites have 
vanished and furnishes the only warmng of a possible relapse When 
albuminuria itself clears up and does not return over a period of 
months, one may begin to look forward to a possible recovery In 
the absence of all sjonptoms other than a persistent albuminuria of 
considerable degree, a bout of edema is to be considered as somewhere 
in the offing 

While the concentration and daily amount of protein in the urine 
vary considerably, they are always markedly elevated in the active 
edematous stages of nephrosis and often reach values rarely seen in 
other types of renal disease Thus, concentrations of 5 to 20 or 30 
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grains per liter are quite common and values up to 60 grams per liter 
have been reported The higher concentrations are naturally observed 
in association ivith marked edema and oliguria The actual output per 
day may vary from 5 to 50 grams of protein, the amount varying 
roughly wth the severity of the transudation Dunng marked 
diuresis the concentration naturally drops to 1 or 2 grams per liter 
or even less, while the output may still total 5 grams or more In 
the edema-free stages of nephrosis, albuminuria may dimmish to a 
trace or disappear entirely for a while, to return with a relapse In 
some cases slight albuminuria persists for years without affecting the 
general health The composition of the urinary proteins and the 
relationship of albuminuria to edema and other features of nephrosis 
will be detailed later 

/ Other unnary changes The unne varies with the stage of the 
disease and the presence or absence of edema Typically it is scanty — 
500 cc or less m 24 hours— dirty-brown and turbid, often with a heavy 
sediment settling out on standing It is usually acid in reaction when 
passed but tends to decompose rapidly and to turn alkaline and foul 
smelling The speafic gravity is high in proportion to the 24 hour 
output, 1020 to 1040 or even 1060 (32) depending, of course, upon the 
volume and the concentration of protein and other solids The chlo- 
ride output IS usually negligible in patients with increasing edema, 
but may approach the intake of chlonde after edema has reached a 
stationary level Anuna does not occur even with extreme degrees 
of edema (20) 

Gross hematuria never oecurs in pure nephrosis 

The sediment, during the active stage of the disease, usually is rich 
m casts of the hyaline, granular and epithelial variety The first are 
as a rule the most numerous and likely to occur even when no other 
forms are present Many renal epithelial cells may be found at times 
A variable number of leucocytes is present but there are no erythrocytes 
By ‘‘no erythrocytes” is meant the absence on repeated examinations 
of more than an occasional red blood cell m a high power field of a 
centrifuged specunen In other words, erythrocytes should not be 
found m larger numbers or with greater regularity than in supposedly 
normal urmes Any deviation from this criterion should be investi- 
gated seriously as it may spell the difference in diagnosis between 
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nephrotic glomerulonephritis and nephrosis In such instances, the 
quantitative method for the examination of the urinary sediment 
developed by Addis (33) may prove of value It is also wise to carry 
out a chemical test for blood on the sediment in view of the possi- 
bility of rapid hemolysis in alkaline urines Aldrich (34) discards 
the diagnosis of nephrosis if positive benzidine tests are obtained 
Dunng the edematous, oliguric stages of nephrosis there are usually 
present either as free droplets in the urine or as highly retractile drop- 
lets in epithelial cells, in leucocytes, and especially in granular “fatty” 
casts (“compound granular casts”), doubly refracting lipoid spherules 
as determined by the aid of the polanzing microscope In the dark 
field of this microscope they appear as bright Maltese crosses with 
dark cross-lines, the axes rotating with rotation of one of the Nicol 
prisms When these droplets are superimposed, packed together or 
very small, the individual crosses cannot be made out with the ordinary 
magmfication and the entire mass presents a silvery gray luminescence 
on the dark background These droplets may be present one day and 
absent the next They may be seen m every field in some sediments, 
filhng up large cells, presumably swollen renal or phagocytic cells 
In other instances only a most careful search will reveal a typical 
droplet or two With experience one large droplet is sufficient for 
recogmtion of their presence It must be remembered, however, that 
they may at times originate in other parts of the genito-urinary tract 
(bladder, prostate, etc ) than the kidneys Criteria by which they 
may be distinguished from other urinary crystals, foreign particles, 
etc have been clearly laid down by Kaiserhng and Orgler (35), the 
original discoverers of this phenomenon in relation to medicine, by 
Munk (3), who first connected their presence m the urine with the 
existence of hpoid nephrosis and by Genck (36) who examined a very 
large number of urines representing renal and other diseases and de- 
scribed m excellent detail the differential points between doubly 
refracting lipoids, confusing crystals and other structures During 
diuresis and m the edema-free stages of nephrosis there are often no 
such hpoid droplets to be found and the urinary sediment may show 
only a few hyaline casts or nothing at all unusual Ordinary fatty 
droplets, staining well with Sudan III or IV, may be found m cells and 
casts with or without the droplets showing double refraction, and they 
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are not peculiar to the nephrotic syndrome since they may occur in a 
great variety of conditions associated with simple fatty degeneraUon 
or infiltration of the kidneys, as in hyperthyroidism, diabetic ketosis, 
phosphorus, chloroform and ether poisoning, and pernicious anemia 
According to Munk (26), the doubly retractile lipoid droplets are not 
found in the urine in diseases other than nephrosis, the nephrotic 
forms of glomerulonephritis, amyloid disease of the kidneys with hpoid 
degeneration and rarely arteriosclerotic renal disease 
g The cardtmascular system It is a striking phenomenon, indeed, 
that in patients presenting the other features of nhat, at first glance, 
one would consider a serious form of Bright’s disease, symptoms and 
signs referable to the heart and vessels should be so conspicuously 
absent as to furnish an extremely important negative criterion in the 
diagnosis of nephrosis Neither early nor late m the clinical course 
of uncomplicated nephrosis is an increase in blood pressure ever found 
In fact many of the patients are likely to have hypotonia for long 
periods of time The heart, correspondingly, shows no clinical evi- 
dence of enlargement nor of the other abnormalities so commonly 
present in other forms of diffuse renal disease A cardiac element in 
the edema of nephrosis is practically unknown, in contrast to the situ- 
ation m certain stages of glomerulonephritis and arteriosclerotic renal 
disease In the absence of any hypertension and in the young age- 
groups ordinarily affected by nephrosis it is not surprising to find com- 
pletely soft and pliable peripheral arteries Furthermore, examina- 
tion of the eye grounds adds only negative information, namely, 
absence of any evidence of retinal arteriosclerosis and of neuroretimtis 
albummurica, so-called, freedom from hemorrhages, edema, lipoid 
deposits and any of the other features that make it possible for an 
ophthalmologist to diagnose “renal disease ’’ Subjective changes in 
vision may occur in those patients with rapidly developing edema and 
in whom cerebral edema is suspected Actual objective findings have 
not been desenbed The development of hypertension and the 
changes associated with it in the cardiovascular system may, of course, 
occur theoretically m those individuals with nephrosis who have 
reached the age ordmanly affected by vascular diseases A compli- 
cated clinical picture would result, the elucidation of which would be 
virtually impossible unless the entire history of both conditions were 
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by Volhard (20) and others and used as evidence m favor of the non- 
renal, non-retention theory of nephrotic edema In general, the un- 
complicated case shows no significant changes in the cellular elements 
of the blood Temporary variations may occur dunng rapid clearing 
of edema and the associated dilution of the blood Where true anemia 
exists, It is of the secondary type and has often preceded the onset of 
nephrosis It is not unlikely that nutritional anemias may be brought 
on by improper diets maintained over long period of time during the 
edematous and albuminuric states Much more knowledge is neces- 
sary in this field The leucocyte count and the differential picture are 
not of significance in nephrosis except in heralding the approach or 
existence of some one or other of the intercurrent infections that may 
be of such dangerous import to the patient The plasma or serum is 
often opalescent, milky or creamy in the fasting period There is no 
tendency for a separation into layers In addition the fluid part of 
the blood is hable to be thin and watery due to its low protein content 
The coagulation time is not characteristically affected, nor is the 
bleeding time The clots retract well The sedimentation rate, as 
might he exptttad from the physical properties of the blood in active 
nephrosis, is markedly increased 

The chenncal compostUon of the blood in uncomplicated nephrosis 
presents stnkmg deviations from the normal in the protein and hpoid 
elements These will be discussed in separate sections In regard 
to the non-proiem introgemus suhlances, they are uniformly within 
normal lumts except under definite modifying conditions, namely, 
marked ohguna and sudden increase of edema (especially m children) 
when not enough urinary water may be available to carry off nitro- 
genous waste-products in spite of excellent renal function, or in rapid 
disappearance of edema fluid (containing approximately the same con- 
centration of non-protein mtrogen as the blood) when there may be a 
relative lag in tlie excretion rate of the nitrogenous substances in 
comparison with that for water and salts, or during the course of high 
protein diet therapy, fever or any other condition causing an increase 
in protein catabolism In all of these a moderate elevation in the 
non-protein mtrogen of the blood may be apparent, but tests for renal 
concentrating ability will show excellent function and thus rule out a 
renal insufficiency Furthermore, such apparent retention is a tern- 
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porary phenomenon In nephrosis the distribution of nitrogenous 
waste-products in the edema fluid is no more a protective mechanism 
against uremia than the glucose content of the same edema fluid is a 
prophylactic measure against hyperglycemia and glycosuria 

The chloride content of the blood in nephrosis may be normal, high 
or somewhat decreased, depending upon the mtake, the state of edema 
or diuresis and therapeutic factors Considering the enormous 
amount of work done upon blood chlorides since the time of Widal’s 
explanation of renal edema as due to salt retention by an inefficient 
kidney, relatively httle has been learned The radical differences in 
the chloride content of whole blood and serum, or plasma, have not 
been sufficiently taken into account The effect of anemia in increas- 
ing the chlonde content of whole blood, because of greater plasma 
volume, has often not been controlled In general, the serum chloride 
tends to be slightly elevated during the edematous stage 

The calcium concentration of the serum falls with the proteins m a 
roughly parallel fashion, as pointed out by Salvesen and Linder (37) 
and recently confirmed by Peters and Eiserson (38) Values as low 
as 7 mgm per 100 cc may be reached but tetanic manifestations do 
not occur, presumably because the reduction is chiefly in the non- 
diffusible fraction related to the plasma proteins As the proteins 
increase, with decrease in albummuna, the serum calcium rises toward 
a normal level 

Other serum electrolytes, such as sodium, potassium, magnesium, 
phosphate, bicarbonate and hydrogen ion are not significantly affected 
m nephrosis, indicating a normal acid-base balance, another evidence 
of normal renal function Analyses have been reported by Salvesen 
and Linder (37), Linder (39), Salvesen (40), and Blackfan and Hamil- 
ton (41) The last authors found decreased total base m some cases 
but considered this secondary to the albuminuria and low serum pro- 
teins On the whole, the changes are those expected from the dimin- 
ished protein content of the blood The reaction of nephrotic patients 
to the admimstration of acid-forming diuretics has been shown to be 
essentially normal by Keith, Barrier and Whelan (42) (43), Van Slyke 
and his associates (44), Linder (39) and Salvesen (40) 

The volume of the circulating blood in nephrosis has been determined 
by the various dye methods Linder, Lundsgaard, Van Slyke and 
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Stillman (45) found a normal plasma volume m typical nephrosis 
which was quite constant during edema and diuresis There was no 
evidence whatsoever in their results for the evistence of a “hydremic 
plethora ” Brown and Rowntree (46) described a “normovolemia” 
in nephrosis, in contrast to “hypervolemia” m cardiac edema and 
“oligocythemic hypovolemia” (true anemia) in glomerulonephritis 
They observed no fixed relationship between the water content of the 
plasma and the volume state During the disappearance of renal 
edema by diuresis, only minor fluctuations in plasma volume were 
noted In a more recent paper the same authors (47) again reported 
a normal blood and plasma volume in non-anemic cases of nephrosis, 
but an “oligocythemic hypervolemia,” with a 20 per cent excess of 
plasma volume in anemic cases Dunng and after diuresis no signifi- 
cant changes took place, indicating that the findings were not due to 
simple dilution of the blood The dye used was Congo red, a some- 
what unfortunate choice since Bennhold (48) had shown that in cases 
of nephrosis the dye disappeared from the serum to the extent of 32 
to 60 per cent (about three times the normal rate) between 4 and 60 
minutes after intravenous injection of a given amount Furthermore, 
early excretion of the dye in the unne occurred, which is not the case 
in normals This, incidentally, is evidence of increased permeability 
of the renal capillaries to colloids Seyderhelm and Lampe (49) con- 
firmed this observation and found that trypan-red and trypan-blue 
were also readily excreted by the nephrotic kidney The edema fluid 
of these patients showed no staining with the dyes Later Bennhold 
(50) concluded from experiments in vitro that in nephrosis the rapid 
exit of dye from the blood was due to decreased adsorption capacity of 
the plasma proteins, consequent upon their low concentration and the 
shift toward the globulin fraction Just what effect Bennhold’s dis- 
covery has on the interpretation of plasma volume estimation in ne- 
phrosis IS uncertain, since in the dye methods the last sample of blood 
is drawn only 3 minutes after injection However, some caution must 
be exercised in drawing conclusions from the Congo red method 
j The transudates Edema fluid obtained from the subcutaneous 
tissues is usually water-clear and limpid in thin layers or opalescent 
in thicker layers Because of the negligible protein content, the spe- 
cific gravity is extremely low, being alwa>3 below 1 010 (20) Ascitic 
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and pleural fluids show a characteristic “soap-water” appearance, 
often called “pseudo-chylous ” This is similar to the appearance of 
water to which a few drops of milk have been added Even after 
centrifuging at high speed to get rid of suspended endothelial cells, 
etc , the same opalescence or “lactescence” persists The specific 
gravity is usually below 1 010, often down to 1 004 or 1 005, figures 
lower than those found in any other t 3 rpe of transudate Quantitative 
chemical data will be given later 

k Renal junction So far as can be determined by the various 
methods employed in testing renal function, there is no impairment in 
typical uncomplicated cases of nephrosis except that decreased water 
excretion occurs and may lead to an ohguria sufficient by itself to 
produce temporary increase in the non-protem mtrogenous constitu- 
ents of the blood This decreased water excretion is seen only in 
patients with increasing or persistent edema and is according to Vol- 
hard (20) of extra-renal origin, inasmuch as intravenous injections of 
saline solutions may stiU lead to an adequate diuretic response. How- 
ever, water taken by mouth does not produce the usual rapid diuresis 
in active nephrosis so that the dilution test for renal function as 
devised by Volhard (20) gives very poor results This is only an 
apparent defect, due to non-renal causes, just as inability to excrete a 
urine with high specific gravity in the concentration test of Volhard 
(20) does not mean renal inefficiency if the test is carried out during a 
period of persistent diuresis Under such conditions a dry diet cannot 
result in urine samples with a high specific gravity because of the large 
internal supply of water which is being mobilized and excreted at the 
time. As a matter of fact, even the dilution test may be normal when 
edema is not increasing or is absent temporarily Similar considera- 
tions apply to the chloride output in regard to renal function (51) 
Given proper conditions for the various tests used (e g , intravenous, 
instead of intramuscular or subcutaneous, administration of phenol- 
sulphonephthalein) normal renal function can be demonstrated in 
nephrosis throughout the ordinary clinical course, as it has actually 
been observed, although in advanced stages of nephrosis renal insuffi- 
ciency should develop, hypothetically, when enough nephrons (glo- 
meruli and their tubules) have been put out of commission This end 
stage has not yet been clearly described in uncomplicated nephrosis 



nephrosis 


155 


but IS undoubtedly a possibility The case reported by Shapiro (52) 
IS very suggestive in this connection Yet the absence of renal insuffi- 
ciency even after 17 years of active nephrosis in the patient recently 
studied by Mackay and Johnston (216) and Ehrich (215) arouses 
skepticism in regard to the so-called end stages of uncomplicated 
nephrosis Absence of increase in non-protein nitrogen of the blood 
IS a characteristic feature of the autopsied cases of Fahr (15) (53) 
Louenthal (10) (54), McElroy (17), Murphy and Warfield (29), Stepp 
and Petri (32) and others Clinically, increase in non-protein or urea 
nitrogen has been observed only during temporary penods of marked 
ohguTia, or at a time of rapid mobihiation of transudates into the 
blood stream with marked diuresis when the urinary output of nitro- 
genous material brought into the blood by the transudates might lag 
temporanly behind the excretion of water or salt 
To quote all the authors who have observed normal renal Junction 
in nephrosis would be merely to repeat most of the preceding and 
succeeding references, since every case report involves some statement 
as to the adequacy of the kidneys However, in a series of papers by 
Van Slyke and his associates there is afforded the unusual opportunity 
of following a small but carefully and completely studied group of 
patients with nephrosis, in some instances for a period of several years 
In the protocols of these papers (100), (45), (153), (44), (83), (216) we 
find normal concentration tests, normal phenolsulphonephthalem out- 
puts, normal blood non-protein nitrogen and urea nitrogen (except 
where urea was given in large doses as a diuretic), normal urea concen- 
tration indices (probably the most accurate practical test for renal 
function), normal urinary excretion of titratable acids and ammonia 
with normal ammonia aad ratios of one or more, indicating a normal 
ammonia production by the kidney, and a normal acid-base balance 
in the blood In short, in all of the above tests involving the behavior 
of the kidney as an organ for excretion of nitrogenous waste-products 
and foreign substances, or as an organ important in the maintenance of 
the acid-base balance in the blood and tissue-fluids, no essential 
impairment could be detected even in patients with repeated bouts of 
severe edema and albuminuria observed over long periods of time 
When one considers the gradual or sudden elimination of water and 
salt by such patients during each remission, at times with and at times 
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Without the apparent aid of some therapeutic measure, it is difficult 
to believe that there existed any true renal impairment in regard to 
salt and water excretion Furthermore, the rapid onset or recurrence 
of edema with a vamshing chlonde excretion and marked ohguria but 
without any other sign of renal insufficiency again leads one to feel 
that renal function m toto and in detail was probably normal through- 
out and that extra-renal factors were at work There is in fact less 
evidence of impaired renal function in the edema of nephrosis than in 
the de&utely non-nephrotic edema of those cases of cardiac decom- 
pensation with kidneys normal except for decreased blood-flow. This 
normal renal function of nephrosis is such a staking paradox that it 
has led to novel and important theories of the pathogenesis of the 
disease and the syndromes that go under its name 
I Clinical course Nephrosis is par excellence a chronic disease and 
one subject to repeated changes for better or worse This variability 
refers particularly to the most conspicuous s3miptom, the edema 
During the periods of increasing or extensive transudation the patient 
is usually confined to bed for weeks or months and naturally experi- 
ences aU of the disadvantages of such a regime, though it is a necessary 
one When edema has subsided sufficiently to enable the patient to 
get up and about, the underlying malnutrition in many instances 
remains a serious handicap In the more fortunate, or better treated 
cases, general health may be rapidly restored and the individuals even 
be able to undertake a moderate amount of work Persistent albu- 
minuna, and a shght tendency to edema of the anldes in the evening, 
may be the only evidences of incomplete recovery Signs and symp- 
toms of renal msufficiencj’', cardiac embarrassment or vascular acci- 
dents do not develop in the pure cases except in the very rare instances 
noted above Of course, where some underlying disease such as tuber- 
culosis has resulted in the climcal picture of nephrosis, while anatom- 
ically there is amyloid plus hpoid renal degeneration, the course of the 
supposedly pure nephrosis becomes dependent upon the other condi- 
tion and recovery is impossible Since these cases are not pure nephro- 
sis, their course does not really affect the statements concermng the 
chnical outcome of uncomplicated nephrosis 

It IS dunng the relapses into an active transudative stage that the 
justl}’- dreaded complications of nephrosis are most likely to occur 
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Some of these occur spontaneously, such as pneumococcus bronchitis, 
pneumonia, empyema or peritonitis, others are secondary to treat- 
ment, for instance, the streptococcus cclltihUs or erysipelas, often fatal, 
i\hich follows the surgical drainage of swollen limbs by incision, inser- 
tion of various cannulas, etc Even the strictest asepsis may not 
suffice to prevent infection in patients who have the low general re- 
sistance so evident in nephrosis Pneumococcus pentomtis is a com- 
mon cause of death and at times seems to develop after repeated 
aspirations of ascitic fluid Whenever the ascitic fluid shows some 
increase in specific gravity or protein content, more cloudiness and 
higher cell count the possibility of pneumococcal or other form of 
bacterial peritonitis should be seriously borne in mind, particularly 
in children when a little abdominal tenderness, low-grade fever and 
slight leucocytosis are also present Slight rises m temperature are 
often overlooked in such cases or attributed to unknown factors 
Peritonitis m nephrosis may be a very insidious process without any 
of the stormy features seen in other types Repeated attacks of 
pneumococcus peritonitis may be survived, as pointed out by Davison 
and Salinger (55) and Schw arz and Kohn (56) 

The tmmcdiatc causes of death in patients with nephrosis are best 
determined from a review of the published autopsied cases Thus 
Tahr (15) (53) had nine cases m 5 of which peritonitis was the terminal 
event, in 1 pneumonia and peritonitis, in 2 empyema, and in 1 sepsis 
from drainage of the edematous tissues Low enthal (10) (54) reported 
a total of 5 cases, in 1 of which a severe ulcerative colitis without 
peritonitis apparently led to death, in 1 erysipelas, m 1 parotitis fol- 
lowed by bronchopneumonia and cardiac failure, in 1 bronchitis, and 
in 1 pentomtis and bronchitis In McElroy’s case (17) there were 
pentomtis, pleuritis and bronchopneumonia Murphy and Warfield 
(29) described a terminal attack of convulsions and coma in their case, 
during a penod of severe edema, suggesting cerebral edema as the 
cause of death Volhard’s (20) experience has been previously dis- 
cussed and requires no further mention inasmuch as the cases overlap 
those of Fahr In the case report published by Stepp and Petri (32) 
the cause of death was not discovered at autopsy but there had been 
an erysipelas of the abdominal wall in the last month of the patient’s 
life Schwarz and Kohn (56) found peritonitis at autopsy m 2 cases. 
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Lipoid degenei ation (meaning by this term the deposition of doubly 
refracting hpoids) is always present in the affected tubules, in varying 
degree, but apparently bearing an inverse relationship to the extent 
of hyaline-droplet degeneration Of course, ordinary isotropic fat is 
always associated ivith the anisotropic, even in the same cells or in the 
individual droplets The distribution of the hpoid material is best 
seen in fresh, unstained sections when the typical Maltese crosses can 
be demonstrated Characteristic staining reactions are descnbed but 
in view of recent doubts cast upon these (63), (64), it seems better to 
adhere to the original criterion of doubly repracUng fliad crystals in the 
polarizing microscope Ordinarily the lipoids are seen in the cells 
lining the proximal convoluted tubules, in desquamated cells and 
leucocytes or m the detntus and casts in the lumen In those kidneys 
in which considerable focal tubular atrophy has occurred the hpoids 
are set free in the interstitial connective tissue and remain there after 
complete disappearance of the tubular cells In extreme instances 
most of the hpoid may be seen as masses between tubules, usually in 
large foamy cells considered by Lohlein (65) (66) to represent swollen 
lymphatic endothelial cords, but which may be enlarged fixed tissue 
phagocytes It is these interstitial masses of hpoid material that 
produce the chalky streaked appearance of the “large white kidney ” 
Lipoid deposition is found to be limited to the cortex, the medulla 
usually being quite free In the ordinary sections prepared with the 
use of fat solvents, the hpoids are dissolved out and the cells take on a 
“washed-out,” vacuolated or foamy appearance 
The ^omeruh may be, and often are, entirely normal, using the term 
“normal” in its most rigid, histological sense and assuming a very 
careful examination, by an experienced and interested pathologist, of 
many glomeruli in sections taken from different parts of the kidney 
They may show protein precipitate in the capsular spaces Because 
of the repeated statements by Aschoff and other prominent German 
pathologists that the tubular degenerations described above were the 
sequel of an old, or buint-out, glomerulonephritis, Fahr went over his 
material again, paying particular attention to the glomeruli He 
found definite slight changes These consisted of some widemng and 
thickening of the capillary loops m some of the glomeruli, fatty or 
hpoid droplets m the glomerular endo- and epithelium with swelling 
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of the panctal cells of the capsule, in some instances adhesions between 
the tuft and capsule with minute calaum deposits at such points, or 
hyahmzation and fusion of adjacent loops, rarely slight “rudimentary” 
proliferation of the epithelium near a hyahnizcd loop, but never the 
ordinary diffuse proliferative changes seen m glomerulonephntis of 
the Langhans type and so clearly delineated by Lbhlein (67) Actual 
counts of the number of nuclei in tlie glomeruli indicated no increase 
beyond the normal, as would be the case in a true, even mild, inflam- 
matory process The changes listed above were not found in the 
relatively early cases of nephrosis but seemed to increase witli the 
duration of the disease, hence they were apparently secondary in 
ongin Furthermore, they were distinctly focal in character, involv- 
ing a relatively small number of the glomeruh Finally, definite 
crescent formation or other distinctive signs of glomcruhtis were lack- 
ing in all cases and so astute an authority on glomerulonephntis as 
Lohlcin was compelled to admit that in the sections submitted to him 
by Fahr there was nothing that resembled even remotely an old or 
recent glomerulonephntis (68) Fahr has applied the term “glomer- 
ulonephrosis” to these changes 

The arteries and arterioles in the kidneys of patients with nephrosis 
have never shown any changes beyond those associated with the indi- 
vidual’s age or a superimposed hypertension The latter is only a 
remote possibility since nephrosis is so predominantly a disease of 
the young 

The interstitial conncctue tissue may show large deposits of hpoid 
material, as previously described In addition, in the more long 
standing cases, focal scarring appears in connection with casts that 
have stuck somewhere in the tubule, or consequent upon tubular 
atrophy Enough scarring may develop to give the appearance of 
early contraction, ivith concentric thickening and hyahmzation of the 
glomerular capsules and atrophy of tlie tufts in those areas, just as 
occurs in the tubular contracted kidneys produced by hydronephrosis 
and chronic uranium poisoning At this stage considerable disor- 
ganization of renal architecture becomes apparent and areas of round 
cell infiltration are more numerous There is still, honever, enough 
parenchyma left to have given a normal functional response m the 
living patient It is quite possible for one experienced m renal histo- 
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pathology to distinguish definitely even this advanced stage from 
chronic glomerulonephntis or other renal diseases 
In addition to Fahr’s cases, excellent descriptions of the pathological 
findings in typical nephrosis have been recently published in adequate 
detail by Lowenthal (10) (54) who reported 5 cases, by Murphy and 
Warfield (29), by McElroy (17), Cordier (213) Ehrich (215) and Sha- 
piro (52) Lowenthal’s and Shapiro’s material are of special interest 
because a serious effort was made to find pathological changes in other 
organs besides the kidneys, particularly in the glands of internal secre- 
tion and m the reticulo-endothehal system The results of Lowenthal 
were entirely negative However, he observed in the first two of his 
cases, children aged four and one-half and eight years, marked athero- 
matosis of the mitral valve and of the descending and abdominal aorta 
in locations typical for semle atheromas Murphy and Warfield had 
the same experience m their patient aged twenty-one years and 
Murphy (69) has recently found a similar striking involvement of the 
ascending aorta m a boy of 12 with nephrotic glomerulonephritis. 
These lesions are of considerable importance in the problem of patho- 
genesis and will be discussed again under that headmg 

Case one, in the paper by Kaufman and Mason (70) was apparently 
one of pure nephrosis Less detailed descriptions of the microscopic 
findings in the kidneys of children with nephrosis, who were carefully 
studied clinically, are to be found in the papers of Davison and Salin- 
ger (55), Schwarz and Kohn (56) and DeLange (214) The limited 
autopsy report published by Major and Helwig (71) on a patient with 
apparently tjqiical clinical nephrosis is difficult to interpret The 
glomeruli showed a “mild degree of acute glomerulitis” but no chronic 
changes, the hpoid m the kidney was not doubly retractile but gave 
staining reactions for phosphatides and the anatomical diagnosis was 
“chrome interstitial nephritis with lipoid infiltration ” 

Bell (72) on the basis of McGregor’s (73) beautiful technic for the 
demonstration of the glomerular basement membrane and accurate 
differentiation between glomerular epithehum and endothelium, has 
described 4 cases of “pure hpoid nephrosis” m 3 of which, at autopsy, 
there were found thickening of the glomerular basement membrane 
and variable increase m the number of endothelial cells — in short, a 
picture differing only m degree from that obtained m intracapillary 
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glomerulonephritis It will be shown later, m tlie sections on theories 
of pathogenesis and differential diagnosis, that these important mor- 
phological findings occurred m cases, which, even clinically, were 
probably not “pure hpoid nephrosis,” but the usual nephrotic glo- 
merulonephritis However, further studies ivith this technic on more 
typical material w ill probably yield valuable information and may help 
to settle the difficult problem of the early glomerular changes in 
nephrosis 

c NcphroUc contracted kidney Definitely contracted kidneys re- 
sulting from nephrosis uncomplicated by amyloidosis are evtremely 
rare if one demands that chnical nephrosis had existed dunng life 
Munk (74), on purely anatomical grounds, selected 6 cases of sup- 
posedly luetic nephrotic contracted kidneys from among a large senes 
of routine autopsy cases These kidneys were characterized by mul- 
tiple, irregular, fine granulation of the surface with narrowing of the 
cortex and obliteration of the usual markings There were found, 
microscopically, focal anisotropic lipoid degeneration and complete 
atrophy of the tubules The glomeruli, on the other hand, were well 
preserved but shoned a striking lipoid degeneration of the visceral or 
parietal epithelium or of the entire tuft and capsule Unfortunately, 
most of the patients were over thirty years old and arteriosclerotic 
changes complicated the picture Furthermore, the chnical data ob- 
tainable were very meager, in only 2 or 3 was there a history of edema 
at some time or other In none of the 6 patients was renal disease 
the cause of death and in none did there exist any definite symptoms 
of renal disease upon admission to the hospital Munk considered the 
above changes identical with Orth’s “nephntis interstitiahs chronica 
fibrosa multiplex syphilitica” and as representing a form of nephrotic 
contracted kidney In the absence of accurate clinical records it is 
impossible to draw any definite conclusions from pathological findings 
alone, particularly in older individuals in whom arteriosclerosis, hydro- 
nephrosis, amyloidosis, or other renal lesions may lead to similar pic- 
tures Chmcalandpathologicalpomts ofviewmustbe interdependent 
In contrast to these cases of Munk is the case of knonn clinical 
nephrosis reported by Ehrich (215), in which the fahent had had 
recurrent edema for about 17 years Death occurred from hemolytic 
streptococcus peritomtis at the age of 19 At autopsy, the kidneys 
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were markedly enlarged, each weighing about 300 grams In addition 
to the t3^ical pathological picture of nephrosis there were considerable 
focal scarring and varying degrees of hyahnization of about half of 
the glomeruh, chiefly in the fibrotic regions About a third of the 
glomeruli were entirely hyalinized The careful study of these kidneys 
by Ehnch failed to reveal any evidence of glomerulonephritis The 
author concluded that “it seems to be doubtful whether true lipoid 
nephrosis leads to contracted kidneys ” 

Recently, in a cntical review of nephrosis, Shapiro (52) reported, 
among others, an autopsy on a luetic patient, aged twenty-six, who 
while under active antiluetic therapy developed a typical clinical 
nephrosis, with six recurrent periods of edema and with a normal blood 
pressure throughout, but with progressive impairment of renal func- 
tion, normal at first, to the stage of definite renal msufiiciency with 
increasing anemia, and death within 7 months from the onset of edema 
The heart weighed 220 grams The kidneys together weighed only 
164 grams, showed a smooth surface and, microscopically, presented 
marked interstitial fibrosis with atrophic tubules and heavy aniso- 
tropic hpoid deposits The other tubules were dilated but presented 
no active degeneration or regeneration The glomeruh were small 
but otherwise normal, except that some showed fusion and narrowing 
of some of the capillary loops, with occasional hyahnization of indi- 
vidual loops The author considered this case as one of pure nephrotic 
contraction since no inflammatory nor artenal changes were present 
to account for the extreme atrophy of tubules and the interstitial 
fibrosis It is difficult to understand how such marked changes could 
occur in 7 months unless the preceding heavy metal treatment played 
a role It would be very important to have more cases reported, as 
this one was, with careful chmcal and pathological studies 
Thannhauser and Krauss (75) reported a case of nephrotic con- 
tracted kidney that deserves some discussion at this point because it 
illustrates the difficulties that may confront even experienced clinicians 
m their mterpretations of chmcal and pathological data The patient, 
who suffered from multiple myeloma, with heavy Bence-Jones protein- 
uria and slight serum-albuminuria, developed some edema of the face, 
ankles and parietes in the last four and one-half months of his life 
This edema persisted in spite of polyuria and loss of weight and was 
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unassociated with increase in blood pressure but was accompanied by 
a gradual rise in the blood non-protein mtrogen to a very high terminal 
figure, 212 mgm A severe anemia developed, along with a gradual 
fall m the serum proteins Death occurred from pneumonia The 
kidneys were considerably reduced in size, but perfectly smooth “small, 
white kidneys ” Microscopically, the glomeruli were entirely normal 
No amyloid was present There were many atrophic areas m which 
the tuMes were completely disintegrated and replaced by fibrous 
tissue In these areas were “protein stones” (lamellated, uncalcified, 
protein masses, presumably tlic Bence-Jones and other precipitated 
proteins) surrounded by foreign body reactive zones While con- 
siderable fat was demonstrated in the tubules by Sudan III staining, 
no mention is made of doubly refracting lipoids The shrinkage of 
the kidnejs was obviously due to the marked tubular atrophy Was 
this a true nephrosis and, therefore, a true nephrotic contracted 
kidney? 

The rapid course of four and one-half months, the presence of only 
moderate edema, and the very possible r61e of emaciation in account- 
ing for the edema, the polyuna and the decreased serum proteins, 
seem to point against a true clinical nephrosis On the other hand, 
the autopsy findings in the kidneys could just as well, if not better, 
be explained on the basis of prolonged tubular damage and destruction 
by the large amount of Bence-Joncs protein excreted In favor of 
this view was the presence of the “protein stones” in the scarred areas 
In other words, on the evidence presented m their paper, Thannhauser 
and Krauss were probably not justified m assuming that they were 
dealing with a contracted lipoid nephrotic kidney Yet, they have 
been frequently so credited by various authors 

Very recently, Perla and Hutner (217) have published an excellent 
report on two cases of multiple myeloma in which the kidneys were 
small, smooth and white Microscopic examination showed extensive 
destruction of tubules in both cortex and medulla, replacement fibrosis, 
interstitial lymphocytic infiltration, many casts in the intact but 
dilated convoluted tubules, and practically normal glomeruli These 
authors, however, clearly distinguish the above ^‘severe nephrosis’* 
from lipoid, or genuine, nephrosis This distinction seems fully justi- 
fied m the interests of such a clear cut chnical and pathological syn- 
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drome as nephrosis The absence of the clinical nephrotic syndrome 
in the cases of Perla and Hutner tends to throw further doubt on the 
existence of a true nephrosis in the patient studied by Thannhauser 
and Krauss 

d Specifiaty of anisotropic hpoid degeneration As stated in the 
introduction to this review, the term “nephrosis” had its origin in 
the morphological concept of non-infiammatory, degenerative tubular 
lesions in the kidney Since there were many forms of degeneration 
possible — albuminous, hyahne-droplet, hydropic, fatty, etc — “ne- 
phrosis” became a broad term to pathologists, including a vanety of 
renal lesions many of which had no distinctive chmcal correlatives It 
was Munk’s great contribution to single out “hpoid degeneration ” 
characterized by the presence of the doubly refracting lipoids (chol- 
esterol esters) originally descnbed m normal and diseased human or- 
gans by Kaiserlmg and Orgler (35) In 1908, Munk (76) clearly 
reviewed the entire subject of degenerations and pointed out that 
“hpoid degeneration” occurred only in the hving body and during a 
gradual death of the cells He considered this process as irreversible, 
in contrast to the ordinary fatty degeneration and infiltration By 
1913, Munk (3) had defimtely established the relationship between 
doubly refracting hpoid droplets in the urine and “lipoid degenera- 
tion” in the kidney He was the first to emphasize the importance of 
the latter in primary degenerative renal disease (nephrosis), although 
Lohlein (65) (66) (67) had very early described in complete detail the 
“hpoid degeneration” occurring in glomerulonephritis and amyloid 
disease of the kidneys, with especial reference to the massive inter- 
stitial deposits of doubly refracting hpoids found in the “large, white 
kidneys” and the rather focal distnbution of the hpoids in contrast to 
the diffuse process in ordinary fatty infiltration 
The pathologist can scarcely make a diagnosis of nephrosis unless 
doubly refracting hpoid (cholesterol esters) is found in the tubular 
epithehum, in the interstitial connective tissue or in both The mere 
presence of such hpoids, however, by no means makes nephrosis a 
likelihood since a vast number of kidneys contammg them show various 
stages of glomerulonephritis This was pomted out by Kaiserlmg and 
Orlger (35), Lohlein (65 (66) (67) (68), Munk (4), M’Nee (62) and 
recently in an excellent review by Murphy (77) Those cases which at 
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autopsy show considerable hpoid degeneration with a mild intracapil- 
laty glomerulonephritis are just the ones which the clinician has the 
greatest difficulty in diflercntiating from pure nephrosis, for there may 
be httle or no clinical evidence of renal inflammation while the ne- 
phrotic syndrome is predominant Likewise, lipoid degeneration is 
quite common in kidneys showing amyloidosis and is in these instances 
also associated with a clinical picture resembling that of nephrosis 
Munk (26) has pointed out that none of the poisons which produce 
ordinary fatty degeneration of the kidneys give nse to anisotropic 
hpoid degeneration , nor does the virus of any disease do so except that 
of lues, which gives a typical nephrosis The metabolic disturbances, 
including the severe anemias, often are associated with extreme fatty 
degeneration yet never with hpoid degeneration This holds even for 
severe diabetic lipemia Lubarsch (78) in his enormous evpenence 
with degenerations and pigmentations does not refer to doubly refract- 
ing lipoids except in the “nephrotic types” of renal disease Fahr (61) 
has never seen doubly refracting hpoids in those kidneys showing 
extreme fatty changes due to phosphorous poisoning Iwantscheff 

(79) has recently made a study of the lipoid deposits m the liver and 
kidneys in various conditions, using histochemical and polarization 
methods Cholesterol esters (doubly retractile lipoids) were found m 
the kidney only in glomerulonephritis, in amyloidosis and in contracted 
kidneys (there was no case of uncomplicated nephrosis in this series) 
They were not found in tuberculosis, in diabetes mellitus, in senility, 
or in cirrhosis of the hvet, in all of which neutral fats and kephahn were 
predominant In the liver, hpoid matenal usually consisted of neutral 
fat with a shell of doubly retractile lipoid, although the KupSer cells 
might contain considerable doubly retractile hpoid in diabetes and 
hepatic arrhosis The most interesting feature, however, was the ab- 
sence of such hpoids in the Kupffer cells of the liver in cases of glomer- 
ulonephritis with much doubly refracting hpoid in the kidneys Jaff e 

(80) has observed a small amount of amsotropic hpoid infiltration in 
the kidneys of a patient who died of mushroom poisoning Tex (81) 
found doubly refracting fluid crystals m the kidneys only m chronic 
renal disease and not in diabetic coma, pernicious anemia or cirrhosis of 
the liver In short, while ordinary fatty deposits may be found in 
conjunction with a host of conditions, doubly refracting hpoids occur 
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mainly m those diseases of the kidney — ^nephrosis, amyloidosis and 
glomerulonephritis — characterized clinically by the nephrotic syn- 
drome To this extent anisotropic hpoid degeneration in the kidneys* 
is a specific pathological finding, vastly narrower in its chmcal associa- 
tions than the other degenerations or infiltrations and therefore of 
greater, because of more definite, significance Exceptions to this 
conclusion seem to be cases of carcinoma referred to by Munk (82) m 
which the kidneys may show hpoid degeneration of the tubules without 
the chmcal counterparts existing. Confirmation of this observation 
is needed The question of the specificity of the hpoid degeneration 
in nephrosis has an important bearing upon the pathogenesis of the 
disease and wiU be discussed again It may be stated here that Fahr 
(61) considers hpoid degeneration as occurring at the very beginning 
of the disease 


PATHOGENESIS OP NEPHROSIS 

Several attempts have been made to explain the pathogenesis of 
nephrosis on the basis of some uniform concept This has involved 
the assumption of a primary renal disease, a primary general or metab- 
olic disturbance, or some combination of the two Before discussing 
these synthetic points of view it wiU be necessary to analyze m detail 
the changes in the urine, blood, and tissue-fluids, which must be indi- 
vidually explained by any comprehensive theory of pathogenesis of the 
disease as a whole Loop-holes in our knowledge concerning the vari- 
ous aspects of nephrosis will thereby become more evident Stumb- 
ling blocks to the various theories will also emerge 

A Albmmmma 

The marked proteinuria m the active stages of nephrosis has already 
been referred to and is the most significant urinary feature of the dis- 
ease The earher work on the nature of the urinary proteins, while 
fairly extensive, is difficult to evaluate m relation to nephrosis because 
there is no way of deciding upon the diagnosis of the cases involved 
This drawback, however, is of no special import in regard to the theo- 
retical considerations of the effect of prolonged and heavy albuminuria, 
whatever the disease m which such occurs Most of the case reports 
on nephrosis give no quantitative data on urinary proteins other than 
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the familiar Esbach concentration figures Recently, however, a 
careful study over a penod of years has been reported by Hiller, 
McIntosh and Van Slyke (83) who also reviewed the previous work on 
the subject In S cases of uncomplicated nephrosis, the daily output 
of urinary proteins vaned between 4 2 and 20 grams, with considerable 
fluctuation in the indii idual case It is c'ctremely significant that 
from 85 to 95 per cent of the urinary protein was albumin and only 5 to 

IS per cent globulin, giving a urinary ratio of from S to 22 

In fact the ratio was greater than 10 m 4 cases out of the 5 These 
figures are based upon the averages of repeated determinations on 
different days, since single analyses mean little where there is so much 
variability in the total output and in the two mam protein fractions 
Errors in teclimque were ruled out Using a different method, 

Schlutz, Swanson and Ziegler (84) reported urinary ‘ — ; ratios 

globulin 

varying enormously in 4 cases of nephrosis, in children With total 
protein outputs of 8 to 22 grams daily, the ratios usually were 2 or less 
while ratios of 40, 60 and even 80 were obtained when the output was 
lower When very small amounts of protein are excreted it is difficult 
to draw accurate conclusions The high proportion of albumin in 
the proteinuria of nephrosis is particularly striking when compared 


_ albumin 
globulin 


ratios in chronic nephritis with defimte renal function 


impairment In IS out of 19 such cases reported by Hiller, McIntosh, 
and Van Slyke (83) the ratios fall between 2 and S, m the other 4, 
betw een 5 and 10 The globulm excretion, therefore, was much more 
pronounced m inflammatory renal disease than in nephrosis 

GeiH (218) investigated the urinary excretion of protein in 11 cases 
of renal disease, none of which was an instance of pure nephrosis In 

nephrotic glomerulonephritis the urinary rahos fell between 

globulin 

9 and 19, in acute nephritis around 5, in chronic glomerulonephntis 
between 2 and 4, in amyloid disease 1 or less shortly before death 
The globuhn excretion was, therefore, most marked in amyloid disease 
of the kidneys In one patient wnth this disease, Geill calculated that 
half of the total serum albumin and globuhn was lost daily m the unne 
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There has been much speculation but almost no published work on 
the difficult problem of the true nature of the urinary proteins m 
nephrosis While no one has seriously disputed their origin from the 
plasma it is impossible to state from present knowledge whether the 
urinary albumin and globuhn as they leave the plasma represent per- 
fectly normal protems or proteins changed and hence more readily 
excreted Erben (85) was able to demonstrate by precipitin tests that 
part, at least, of the urinary albumin and globuhn m cases of “chronic 
parenchymatous nephritis” was identical with the corresponding serum 
fractions F Muller (9) m his second great review of renal diseases 
stated that precipitin reactions failed to demonstrate in cases of 
nephrosis any protein in the urine different from those in the serum 
However, since this remark was made, considerable improvement has 
taken place m the methods available for identifying proteins and this 
interesting subject should be investigated thoroughly in view of the 
importance of either negative or positive findings Recently Hewitt 
(86) has studied the optical rotatory powers of highly purified, unde- 
natured serum and unne albununs obtained from four cases of chrome 
“nephritic” edema, with and without uremia, and two cases with 
albummuria of pregnancy In all of these, virtually identical optical 
rotations were found for the albumins of the sera and the urines This 
fact led the author to conclude that serum albumin passed through the 
kidney unchanged Further evidence was published by Hewitt in 
1929 (87) when he demonstrated that the mean value for the specific 
rotatory powers of the urinary albumin in nephrosis, the albuminuria 
of pregnancy and eclampsia was identical with the corresponding 
figure for normal serum albumin The refractive indices of the puri- 
fied serum and urine albumms were indistmguishable, nor could any 
differentiation be made by means of the ultra-violet absorption spectra 
These results of Hewitt stand in sharp contrast to the claims of 
Thomas, Schlegel and Andrews (88), Andrews and Thomas (89) and 
Andrews, Thomas and Welker (90), who beheve they have evidence 
to show that “nephritis is not a renal disease but a disturbance in 
mineral metabohsm causing disintegration of the great parenchymat- 
ous organs,” as a result of which tissue protems and toxic protein split- 
products enter the circulation and are excreted, by the kidney, either 
directly or m combination with the serum protems From this point 
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of view albuminuria becomes a highly protecUve mechanism m the 
detoxication of poisonous tissue proteoses While these investigators 
do not refer speafically to nephrotic albuminuria, it is obvious that a 
similar line of reasoning must apply to this most extreme form of 
albuminuria Much more evidence is necessary than the authors 
present in support of their h>pothes!S of proteinuria Cavett (219) 
has attacked the problem from a purely chemical standpoint He 
analyzed the protems in urine, plasma and edema fluid by the Van 
Slyke fractionation process Excellent conformity was obtained be- 
tween the values for normal plasma proteins and those in material 
from edematous patients The racemization (sodium hydroxide) 
curves for the individual protems showed a similar identity of the 
plasma, unnary, and transudate proteins with the normal plasma 
proteins The whole pathogenesis of the disease under discussion 
really rests upon this one question — are the urinary and plasma pro- 
teins qualitatively or biologically different from the normal? The 
subsidiary problem of the glomerular versus tubular excretion of the 
protein is largely a matter of view-point, insusceptible at present of 
direct proof 

B Loa serum or plasma protems 

In 1827 Richard Bright (7) incorporated m his reports some remarks 
by Bostock on low serum proteins found m patients with heavy pro- 
teinuria, and shren dly drew the conclusion that the former was second- 
ary to the latter In 1831 Bright (7) published Babington’s figure of 
5 per cent “albumen” in the serum (specific gravity 1 021) of a young 
woman with albuminuna and anasarca of 3 years duration The uri- 
nary “albumen” was 1 per cent The normal serum “albumen” was 
stated to be 8 to 10 per cent These figures while not very accurate 
have a staking resemblance to recent reports 

No attempt will be made to review in its entirety the literature on 
low serum proteins in patients with albuminuna and edema The 
findings are monotonously uniform and appear m almost every case 
report In a case of nephrosis following upon syphilis in a man of 22, 
Javal (22) was perhaps the first investigator to publish a series of serum 
protein analyses and to comment upon their significance His patient 
excreted 25 to 30 grams of protein daily for almost a year and was 
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markedly edematous durmg that period The serum proteins were 
5 2, 6 6 and 7 2 grams per cent (refractometrically), the last figure 
occurnng when the patient no longer had edema nor ascites, and albu- 
minuria of only 2 grams daily The classical work on serum proteins, 
however, was done by Epstein, who m 1912 (91) published his observa- 
tions upon “chronic parenchymatous nephritis ” Using chemical 
methods of analysis, he found total protein figures from 2 731 to 5 125 
grams per cent in 2 patients with “parenchymatous nephritis” and 

noted the low or reversed ratios, 0 133 to 0 80, a fact already 

globulin 

emphasized m 1905 by Erben (92) From 1917 on, m a series of pub- 
lications (5) (93) (94) (27) (95) (11) Epstein laid the greatest emphasis 
upon the low serum proteins in active nephrosis and was largely respon- 
sible for the impetus which resulted in an enormous amount of careful 
and valuable work upon this aspect and related phases of nephrosis 
His observations were widely confirmed although variations in the 
actual figures were introduced by the use of different methods Rowe 
(96) found in “chronic nephritis with edema” total serum proteins of 

3 8 to 4 6 grams per cent and — — ratios of 1 to 1 9, the proteins, 

globulin 

especially the albumin, rising as the edema disappeared He stated 
“Chronic nephritis with edema shows the lowest values for total serum 
proteins obtained m disease ” Low serum proteins, with serum 
albumin down to 1 27 grams per cent were found in nephrosis by 
Fodor and Fischer (97) KoUert, m 1923 (98) reported similar 
changes, with particular emphasis upon the increased plasma fibrino- 
gen This normally forms only about 3 to 5 per cent of the total 
plasma protein and comes down with the globulin fraction Kollert 
reported 4 to 9 times the normal amount of fibrinogen in the plasma 
of nephrotic patients Schwarz and Kohn (99) found serum proteins 
between 4 and 6 grams per cent in a senes of children with edema 
and albuminuria Perhaps the most complete study on the plasma 
proteins m patients with renal disease, who were followed for long 
periods, was published by Linder, Lundsgaard and Van Slyke (100), 
using reliable chemical methods The plasma proteins of edematous 
patients ranged from 3 5 to 5 5 grams per cent while m 2 cases of typ- 
ical nephrosis they fell between 3 60 and 5 08 grams per cent, with 
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ratios usually 0 40 to 0 60 (normally 1 4 to 2 0) A very 

globulin 

important contribution by these authors was the unequivocal demon- 
stration of normal plasma volumes in these two patients during various 
stages of edema or diuresis Tins dealt Ihe final blotV to the old theory 
of "hydremic plethora" and proved that the plasma proteins were 
absolutely diminished in amount as well as in concentration per given 
volume Fahr and Swanson (101) found the total serum proteins 
below 5 grams per cent in 7 analyses out of 9 on 3 cases of nephrosis 
The serum albumin was below 2 grams per cent m 4, between 2 and 3 
grams per cent in 5 analyses Further studies on the low plasma pro- 
teins in active nephrosis with emphasis on plasma albumin values 
belon 2 grams per cent were reported incidentally by Leiter (102) 
Hiller, McIntosh, and Van Slyke added mote data, essentially con- 
sistent ivith the above, in 1927 (83) Krogh (103), Schade and Claus- 
sen (104), Govaerts (105), Rusznyik (106), Kollert and Hard (107), 
Clausen (108), Cope (109), Mayrs (110), Blackfan and Hamilton (41), 
to mention only the publications with fairly ettensive data, have all 
found low total proteins in active nephrosis or the nephrotic syndrome, 

with usually a marked decrease in the ratios The latter, 

however, are quite variable and when the total proteins are only 
moderately diminished need not be strikingly abnormal There is 


nothing specific about a reversed 


albumin 

globulin 


ratio, 1 e a ratio of less than 


one, for nephrosis or the neplu-otic syndrome Whenever the total 


plasma proteins are considerably reduced in disease, by albuminuria, 
exudation into serous cavities, protein starvation and general under- 
nutntion, or expenmentally by direct removal of plasma, the ratio 
may fall below the normal or even become reversed due to a pre- 
dominant loss of albumin, to a much more rapid regeneration of the 
globulin than the albumin fraction or to both of these factors The 


same phenomenon may occur during infections and immunity processes 
when, with the plasma albumin decreased or unchanged, a rise occurs 
in the globulin fraction, reflecting itself in a decreased ratio The 
absolute values for plasma albumin and globulin are far more impor- 
I t albumin 

tant than the gj ]^ | ratio, to nhich a great deal of significance has 
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hitherto been attached It must also be added, that chemical methods 
of analysis are to be decidedly preferred to refractometric, nephelo- 
metnc and other physical methods m view of the increased lipoids 
m the plasma in nephrosis and the probable alterations in the physical 
state of all the colloids in the blood 


The idea consistently sponsored by Epstein (5) (11) that there is a 
direct relationship between the albuminuria in nephrosis and the reduc- 
tion in the plasma proteins has now obtained fairly general acceptance 
in its mam thesis, if not m individual details Thus, Linder, Lunds- 
gaard and Van Slyke (100) found low plasma protein figures when the 
urinary output of protein reached one gram daily or more When 
albuminuria decreased to a trace in one of their patients with nephrosis 
the plasma proteins rose to almost 7 grams per cent In cases of 
nephrotic glomerulonephritis in which albuminuria of 4 to 12 grams 
daily persisted the plasma proteins remained between 4 and 6 grams 
per cent even months after edema had subsided In the case reported 
by Javal (22), mentioned previously, the serum proteins returned 
toward the normal level only after the albuminuria had decreased 
from 25 grams daily to 2 grams While many authors refer to such 
a relationship between urinary and plasma proteins, only a few detailed 
studies of recent data are available Hiller, McIntosh and Van Slyke 
(83) made this problem the basis for specific study and published a 
very complete report In this it was shown that there was a definite, 
though rather rough, relationship between the plasma protein level 
and the 24 hour urinary output averaged over long periods of time 
Thus, where the average daily proteinuria was 5 3, 5 8, 8 6 and 9 8 
grams respectively the plasma proteins ranged between 6 and 7, 5 
and 6, 4 and 5, 3 and 4 grams per cent, respectively Furthermore, 

albumin 

m nephrosis high urinary ratios were found with low plasma 

ratios, the urinary ratios were lower and the plasma ratios higher in 
chronic nephritis Schlutz, Swanson and Ziegler (84) also pointed 
out that a high urinary protein excretion was associated with low 
plasma proteins, and low urinary protein outputs with more nearly 
normal plasma protein figures Kollert and Hartl (107) reached the 
same conclusions, so did Geill (218) 

The tnverse relaUonship between urvnary and plasma proteins is very 
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far from Icing an exact one However, when it is remembered that 
excretion in the unne is not the only factor and that loss of protein 
into massive transudates and particularly decreased formation of 
plasma proteins due to intnnsic, or extrinsic dietary, influences must 
play a large role m the actual level of the plasma proteins at any given 
moment, then it is really remarkable that even a rough correlation 
can be found To expect a strictly quantitative fall of the plasma 
proteins with increasing urinary protein excretion is to ignore the 
other important variables The mass of evidence points, however, 
to a cause and effect relationship between the tuo 

C Edema 

a Albiimintirta, low plasma proteins and edema The peculiar 
edema of nephrosis has been of unusual interest to many because it 
seems to represent a beautiful example of an extra-renal (non-renal), 
non-cardiac, form of general edema, occurring in what is, at iirstglance, 
a serious type of renal disease and forming the most important symp- 
tom of this disease This sounds paradoxical, yet no one at present 
seriously believes that the edema of nephrosis is of renal origin in the 
sense of retention of salt and water due to renal insufficiency The 
hydremia of nephrosis, as pointed out before, is due not to hydremic 
plethora or increased plasma volume but simply to decreased protein 
content, as even Bright suspected The ohguria is due, largely, to 
extra-renal deviation of available water, as pointed out by Volhard 
(20) and many others Since renal function is normal m every respect 
in nephrosis and since measures that do not act on the kidneys spe- 
cifically may suddenly lead to marked diuresis, there apparently 
remains nothing at all to indicate that the edema of nephrosis is 
related to the kidneys Actually, however, one connecting hnk is 
left between the kidneys and nephrotic edema — albuminuria, marked 
and persistent over long periods of time 
It was Epstein (5) who first indicated m no uncertain terms the 
unique value of Starling’s views on fluid exchange in the body in 
explaimng the obstinate edema of nephrosis He stated clearly that 
as a result of albuminuria the plasma proteins were reduced to such a 
level that the colloid osmotic pressure of the plasma was no longer 
sufficient to counterbalance the hydrostatic pressure m the capillaries. 
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which constantly tends to force fluid out of the blood and into the_^ 
tissue-spaces Hence, more fluid was pushed into the tissues than 
dragged back again by the osmotic effect of the non-diffusible plasma 
proteins, and edema was inevitable Edema, m nephrosis, was thus 
merely an unusual variation on one side of what is normally a physio- 
logically balanced system This ingemous and original application 
of a classical physiological theory to an important problem m patho- 
logical physiology remained only a theory until actual measurements 
were made of the osmotic pressure of the plasma or serum proteins 
in chnical cases of nephrosis The first of these is recorded by Krogh 
(103), as of 1922 In a patient with nephrotic edema Hagedorn, 
Rasmussen and Rehberg found the capiUary blood pressure to be 
150 mm of water, while the coUoid osmotic pressure was only 100 mm 
of water (normally 450 mm ) due to low plasma proteins — 5 grams 
per cent Here, therefore, there was a head of pressure of 50 mm of 
water in favor of filtration of fluids from the blood into the tissue- 
spaces, enough to explain much of the edema present, other factors 
being equal It is very mterestmg that m this same patient, the urine 
contained 2 8 grams per cent of protein, giving a colloid osmotic pres- 
sure of 240 mm of water In other words, osmotically active protein 
molecules (presumably albumin chiefly) were present m greater con- 
centration in the urine than in the blood 
This classical observation has been amply confirmed by later work. 
In a large series of cases Govaerts (105) (111), applying direct osmom- 
etry to the serum, found the normal osmotic pressure of the proteins 
to he between 35 and 40 cm of water or about 4 6 cm of water per 
gram of protein per cent (“umt” protein osmotic pressure) In 
nephrotic edema the osmotic pressure feU to 12 to 15 cm with the 
usual marked reduction in plasma proteins In other edemas, such 
as cardiac and cachectic forms, pressures ranging between 15 and 30 
cm of water were found, var 3 ang apparently with the changes m the 
serum protein level At about the same time, but with quite a differ- 
ent method, Schade and Claussen (104) determined the normal “on- 
cotic” (osmotic) pressure of the plasma colloids and found that it 
varied between 31 and 37 cm of water In nephrotic edema there 
was regularly a low value, 15 to 27 cm of water, with parallelism 
between the extent of edema and the degree of lowering of the osmotic ' 
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pressure In non-edematous forms of renal disease the “oncotic" 
pressure was normal Ruszny&k (106), using a method not compar- 
able to the above, found the total osmotic pressure of the plasma col- 
loids in non edematous patients to vary from 16 S to 27 9 cm of water 
and the pressure per gram of protein per cent from 2 S to 3 5 cm of 
water However, m 2 patients with a nephrotic syndrome the total 
osmotic pressure ranged between 4 6 and 5 7 cm of water and the 
pressure per gram of protein per cent between 0 9 and 1 1 cm The 
method used accounts for the wide divergence of the absolute values 
from those of other authors However, the relative differences are 
significant In an extensive review of the entire subject, Mayrs (110) 
pointed out the inadequacy of the objections to the Starhng-Epstein 
theory of nephrotic edema and described another method for the deter- 
mination of the osmotic pressure of the plasma proteins In S cases 
of “hydremic nephritis" the plasma proteins varied from 4 46 to 5 32 
grams per cent, the total osmotic pressure from 8 9 to 14 3 cm of water, 
the “unit” osmotic pressure (pressure per gram of protein per cent) 
from 1 97 to 2 69 cm of water Cases of acute nephritis showed total 
pressure values of 10 to 30 cm of water, the higher ones occurring w ith 
decrease in edema, and concomitant variations in plasma proteins, 
4 67 to 7 19 grams per cent Normal osmotic pressure values were 
about 40 cm of water wath “unit” pressures of about S cm of water 
Nephrotic edema was never seen when the osmotic pressure was higher 
than 20 cm of water Iversen and Nakazawa (112) (113), using 
Krogh’s osmometer, found the osmotic pressure of the serum to vary 
from 32 5 to 40 1 cm of water with 4 74 cm of water pressure per gram 
of protein per cent In 3 cases with a nephrotic type of edema tne 
total osmotic pressure values were 8 9, 9 0 and 12 5 cm of water wim 
unit pressure values of 1 3, 2 0 and 2 6 cm The “unit” pressure vm’rs 
for the urines of these patients were, respectively, 11 2, 7 6 an; 5- 4 
cm of water In other words, the unne contained in a given v -': — > 
more of the osmotically-active protein molecules (the smafe-rHunmn 
molecules) than did the serum, pointing very definitelv tonnsmmmm; 
as the cause of the other changes The critical j-r 
pressure of the serum, below which edema waspresentnnf xbr-a-rH— 
it was absent, ranged between 24 0 and 27 0 cm of rts; 
thorough investigation in this field was reported br Vitk ; T . -vm' 
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used a modification of Govaerts’ method, with chemical determina- 
tions of the serum proteins. His figures for osmotic pressure of the 
serum proteins were 30 to 32 cm of water in normal individuals, 27 
to 48 cm m 11 cases of nephritis without edema, 8 to 28 cm in 10 
cases of nephntis with edema The last group includes both acute 
and chronic forms In the nephrotic types, with marked edema, the 
osmotic pressure of the serum was uniformly low, about 15 cm of 
water, and m one case of “pure nephrosis” it lay between 8 0 and 113 
cm with a pressure per gram of protein per cent of only 1 92 to 2 42 
cm of water, compared with 4 32 to 6 80 cm , essentially normal values, 
in the non-edematous nephntic group 

The above figures have been quoted m detail to illustrate that, in 
spite of the widely different methods used, the considerable variation 
in the absolute values and probable inperfections in the techmques 
employed, there is uniform agreement on two facts (c) that the total 
osmotic pressure of the serum proteins is markedly reduced in ne- 
phrotic edema, as one would expect from the low concentration of pro- 
teins in the serum, (5) that the fall in osmotic pressure is out of propor- 
tion to the reduction m the total serum proteins This latter fact 
was a puzzle originally to Schade and Claussen (104) who experienced 
difl&culty in attempting to correlate the osmotic pressure with the 
percentage of serum proteins Unfortunately, they used refracto- 

metric instead of chemical analysis and took no account of the — 

globulin 

ratio As a result they missed a beautiful relationship later worked 
out by Govaerts (111) who clearly saw, and virtually proved, that the 
smaller serum albumin molecules had a higher osmotic pressure per 
gram of protein than the much larger serum globulin molecules. 
Since m nephrotic sera the albumin fraction is often relatively much 

lower than the globulm, giving a low or reversed ratio, it 

globulin 

becomes apparent that one serum with 5 per cent of protein may yield 
a much lower osmotic pressure, both absolutely and per gram of pro- 
tein, than another serum with the same total protein content if the 
first has less albumin and more globulin than the second Govaerts 
calculated from chemical and osmometnc comparisons of sera with 

vaiying protein contents and different ratios, that one gram 

globulin 
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of albumin per cent gave an osmotic pressure of about 7 SO cm of 
•water -ivbile 1 gram of globulm percent gave a pressure of only 1 9S 
cm He w as able to predict the osmometric readings fairly accurately 
from the chemical analyses on using the above values When he 

plotted osmotic pressure figures against ratios s. fairly smooth 

curve resulted These findings of Govaerts have not been disproved, 
and they are of great importance in helping to evplam some of the in- 
consistencies noted by various authors in the relationship between low 
plasma proteins and edema On the other hand, his and other figures 
should be accepted with some reserve as was pointed out by Krogh 
(114) and Hastings (115), in view of the difficulties involved m the 
actual measurements and the arbitrary nature of the division of the 
serum proteins into two groups only 
In regard to the ongnt of the measurable osmotic pressure of the plasma 
or serum proteins, Rusznyfik (106) attributed the phenomenon to 
the effect of the Donnan equilibnum He emphasized the fact that 
at the ordinary pH of the plasma the albumin fraction was farther 
removed from its isoelectnc point than the globulin fraction, and hence, 
had a higher osmotic effect per gram of protein However, this point 
of view IS difficult to reconcile with the e-gienmental and theoretical 
considerations contributed to this problem by other investigators 
Thus, Hastings (116) has calculated, on the basis of accurate studies 
upon the distnbution of electrolytes between the serum and tl}e transu- 
dates in nephrotic edema (117), that the differential osmotic pressure 
in favor of the serum, due to the Donnan equihbnum effect, was only 
about 4 mm Hg, or 5 4 cm of water On the other hand, the sum 
of the osmotic pressures of isoelectric albumin and globulin, calculated 
from their known molecular weights and concentration in normal 
serum, roughly appro-amated the value of 22 mm Hg, more than five 
times the pressure due to the Donnan effect Confirmatory evidence 
may be found m the paper of MarracL and Hewatt (1 1 8) They calcu- 
lated, on theoretical grounds, that under normal conditions a change 
in pH from 7 0 to 8 0 should give rise to an increase m osmotic pressure 
of 6 5 cm of water, or 4 8 mm Hg, on the basis of the Donnan effect 
Actual measurements showed even less variation than this, usually 
not more than 1 cm of water for a change in pH from 6 8 to 8 0 
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Mayrs (110) found practically no measurable variation in the osmotic 
pressure of the serum proteins even with marked differences in pH 
In view of all this, Rusznyak’s contention must be set aside and the 
greater part of the protein osmotic pressure attributed to the unionized 
protein molecules 

Linder, Lundsgaard and Van Slyke (100) stated that the greatest 
decrease m plasma proteins did not correspond to the greatest extent 
of edema while, on the other hand, a considerable decrease m plasma 
protems was compatible with absence of edema This statement has 
been widely quoted, and apparently confirmed by such authors as 
Fahr and Swanson (101), Schwarz and Kohn (99), and Mason (119). 
If one, however, takes into consideration not only the total plasma 
protems, but the osmotically more active albumin fraction, then fair 
correlation may be shown to exist in the above references between the 
presence and obstinacy of edema and low plasma albumins (below 2 
grams per cent) provided the total protems are not above 5 per cent, 
in other words, the globuhn must not be sufficiently elevated to increase 
the total osmotic pressure to above 20 cm of water The total plasma 
protems may increase considerably, due to a rise in the labile globuhn 
fraction only, with so shght an effect on the total osmotic pressure 'as 
to be insignificant in relation to edema Yet an increase of only 0 5 
gram per cent in the albumin fraction may be sufficient, even with 
unchanged total plasma protems, to raise the osmotic pressure above 
the critical level for the persistence of edema Moore and Van Slyke 
(220) have observed an almost perfect correlation between the reduced 
plasma protein content and the presence of edema in 75 successive 
patients Krogh (114) has pointed out that since the normal plasma 
protein osmotic pressure is nearly three times the average capillary 
blood-pressure (filtration pressure), a very considerable fall m the 
former may be consistently compatible with absence of edema This 
fact has not been considered by most authors but is emphasized by 
Mayrs (110) It is also unfair to deny a relationship between low 
plasma proteins and edema merely because the proteins did not 
mcrease as the patient lost edema following paracentesis of the abdo- 
men or chest, the use of powerful diuretics and other measures whose 
effects vary m location Decrease of edema m such cases simply goes 
to show what every one is willing to grant — that there are other factors 
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besides the osmotic pressure of the plasma proteins in the regulation 
of the water-balance in the body This does not weaken, however, 
the important role of the plasma proteins in the untreated organism 
On the other hand, due consideration must also be given to tlie general 
concept of physiological regulation of the volume of the body m 
contradistinction to local mechanisms, as was clearly expressed by 
hIcLean (120) 

Only a few instances are available in the literature in which the os- 
motic pressure of the serum proteins has been followed during changes 
in, or disappearance of, edema Such have been noted by Mayrs (110) 
and already referred to above With decrease in edema the osmotic 
pressure of the serum proteins rose Cope (109) has observed that 
significant increases in the osmotic pressure may occur m convalescent 
cases of acute nephritis some time before the total protein concentra- 
tion nses This might account for some of tlie discrepanaes in the 
literature As the edema disappears in acute nephntis there is always, 
according to Cope, a return of osmotic pressure to normal This 
author is very guarded in his conclusions and suggests that the fall 
in plasma proteins (and osmotic pressure) as well as the edema of ne- 
phrosis may be produced coincidentally by the pnmary metabohe 
disorder and not be etiologically related to one another He is much 
disturbed by some inconsistencies in the cases of acute nephritic 
edema, forgetting, apparently, that other factors (increased perme- 
ability of the capillaries, etc ) play a rfile here in addition to the plasma 
proteins More data on the osmotic pressure of the serum proteins in 
nephrosis during the formation and recession of edema are desirable 
I Atbummuria, tmv plasma albumin but high total plasma proteins, 
and absence of edema The one carefully studied case reported by 
Salvesen (121) is of great interest because it presents negative evidence 
of value to the problem of nephrotic edema in sharp contrast to all 
of the positive types of evidence hitherto developed in this review 
The patient, a man 63 years old, developed weakness and persistent 
heavy albuminuna, 15 to 25 grams of protein per liter (Esbach), after 
an attack of “influenza ” When seen 4 months after the onset, the 
strength had returned, there had been no change in weight, never any 
edema and symptoms were absent The blood pressure was 88/55 
mm Hg Renal function w as entirely normal The urinary sediment 
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showed occasional erythrocytes, few leucocytes and hyaline casts. 
The 24 hour urinary protein output on two days, by Kjeldahl, was 7 56 
and 13 3 grams with 56 6 and 20 0 per cent of globuhn, respectively 
In view of the enormous loss of protein for months the absence of 
edema was remarkable and unintelhgible until the plasma protein 
analyses apparently gave the explanation The total proteins (5 
chemical analyses in a period of 4 months) varied between 8 97 and 
10 73 grams per cent (normally 6 53 to 7.96 for men according to 
Salvesen (122)), the albumin between 1 69 and 2 56 (normally 3 95 
to 5 24), the globulin between 7 10 and 8 32 (normally 1.96 to 3 16). 

In spite, therefore, of the very low ratios — 0 23 to 0 36 — the 

globulin 

globulin fraction was so markedly elevated that the total protein 
osmotic pressure was always well above the edema level The patient 
continued to have albuminuria, but never developed edema He died 
of pneumonia 7 months after he was first seen by Salvesen but was, 
unfortunately, not autopsied Whether he had a true nephrosis or 
not makes no difference The important fact is the unusual hyper- 
proteinemia, with marked globulin regeneration capable of compen- 
sating for persistent, severe proteinuria which, under ordinary clinical 
conditions, would inevitably have led to marked edema at some time 
durmg the course of the disease Incidentally, this case illustrates 
the great importance of fractional analysis of the plasma proteins 
instead of the simpler total protein estimation Further study of 
similar cases would be very important 
c Protein content of transudates in nephrosis. Taken by and large, 
therefore, the chmcal evidence for the sequence, albuminuria low 
plasma proteins — > reduced osmotic pressure of the plasma proteins — > 
nephrotic edema is so overwhelming as scarcely to admit of any other 
interpretation than one of cause and effect This was expressed by 
»-er (102) in discussing the inconsistencies between the surface ten- 
the serum and edema If the above relationship is correct, 
fluid in nephrosis should be of very defimte composition m 
content and there should be no need for assuming, 
-■?ed permeability of the capillaries By “per- 
permeabihty to plasma proteins or other col- 
ter, electrolytes and other small diffusible 
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molecules is so rapid m both directions through the capillary wall that 
one cannot conceive of any factor so influenang the rate of passage 
in one direction only as to produce edema or disappearance of edema 
In fact, Krogh (103) has expressed the whole situahon most definitely 
and incontrovertibly in this statement concerning a case of intracel- 
lular edema “They (the capillaries) can neither hinder nor accelerate 
the absorption of salt and water, both of which substances diffuse freely 
through the endothehum, whether it is normally or abnormally per- 
meable’’ (to proteins) McLean (120) has emphasized the fact “that 
alteration in permeability, in the quantitative sense, affecting only 
the rate at which substances pass through the capillary walls, will not 
affect direction of transfer of fluid, and hence will not have any appre- 
ciable effect on volume conditions ’’ Therefore, if there is a change in 
permeability — an increase quaUtatively — the edema fluid of nephrosis 
should have a considerable protein content 
There is unanimity of opinion at present that the transudates in 
nephrosis show a lower protein content than any other form of free 
fluid Starling (123) stated that the low protein content of renal 
edema fluid was evidence against Cohnheim’s theory of the inflam- 
matory origin of the edema The protein content may be so extremely 
low as to make one wonder about the possibility of its derivation from 
the subcutaneous tissues in which the edema fluid has collected 
Epstein (124) was one of the first to demonstrate, chemically, the 
difference between “nephritic” and other edema fluids Thus the 
protein content of subcutaneous edema fluid from 3 “nephritic” cases 
varied between 0 098 and 0 171 gram per cent, as compared with 0 100 
to 0 462 gram per cent in “cardionephritic” cases Similarly, while 
the peritoneal fluid in cardiac failure had from 1 567 to 4 712 grams per 
cent of protein, in atrophic cirrhosis from 0 521 to 3 332, in “cardio- 
nephntis” from 3 123 to 3 702 grams per cent, that from a “nephritic” 
case (nephrotic type) contained only 0 285 grams per cent In the 
case of luetic nephrosis reported m 1910 by Javal (22) the ascitic flmd 
was analyzed on three occasions, giving a protein percentage of only 
0 2 to 0 4 Javal commented on the low figures but did not attempt 
to explain them Volhard (20) stated that the transudate m nephro- 
sis was “almost a physiological salt solution,” with a protein content 
(Esbach) usuaUy between 0 025 to 0 OS per cent, at the most 0 1 per 
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cent, and a total nitrogen content of 0 036 to 0 12 per cent Beckmann 
(125) made an extensive study of the protein content of various types 
of edema fluid, using, however, refractometric analysis In 4 acute 
and 2 chronic cases of glomerulonephritis the edema fluid showed 1 12 
to 2 52 grams per cent of protein, in 13 cases of cardiac failure 0 22 to 
1 82, and in 4 cases of nephrotic edema (2 nephrosis, 2 amyloidosis) 
0 01 to 0 31, again extremely low figures (on repeated determinations) 
for the nephrotic group The high protein content of the edema fluid 
m acute nephritis suggested to Beckmann true increase in permeability 
due to toxic vascular damage On the other hand, the strikingly low 
protein figures in “tubular nephropathy” — generally 0 1 gram per cent 
or less — ^pointed, according to Beckmann, to a tissue disturbance 
Fodor and Fischer (97) carried out analyses on the edema fluids of 
some patients over a period of months, obtaining many figures. In 
two cases of acute nephritis the percentage of protein varied between 
0 39 and 0 96 In 2 patients with “nephrotic” glomerulonephritis, 
20 different analyses gave a protein percentage ranging between 0 03 
and 0 14, with an average of 0 07 In one case of “genuine” nephrosis 
6 analyses showed 0 02 to 0 15 grams per cent of protein, the average 
being 0 08 A “luetic nephrosis” had 0 09 grams per cent of protein 
in the subcutaneous edema fluid, a “tuberculous nephrosis” (amyloido- 
sis^) 0 03 The grand average for nephrotic edema fluid was a protein 
content of 0 05 gram per cent — almost no protem at aU It is unnec- 
essary to give further details since aU the results reported by others 
have been perfectly umform The ascitic fluid usually shows more 
protein than does subcutaneous edema flmd and less than do pleural 
transudates, but the amount is practically always below 0 5 per cent 
Any higher concentration of protem should suggest the possibility 
of peritonitis, unless the analysis is earned out on fluid concentrated 
as to its protem content by recent profuse diuresis 
Interestmg results confirmatory of the low protein content have been 
reported in connection with the determination of the colloid osmotic 
pressure of transudates Schade and Claussen (104) noted that ne- 
phrotic edema flmd had virtually no measurable protein osmotic pres- 
sure and that it was actively absorbed through the dialytic membrane 
by the corresponding serum in spite of the low protein osmotic pressure 
of the latter Of course, the filtration pressure present in capillaries 
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i\as lacking m their osmometer They held that "increased affinity" 
of the tissues for fluids could never dra,o water out of the Wood in the 
presence office edema fluid because the latter, ^vlth its protein content 
lower than that of the plasma, could exert no attraction for plasma 
fluid and tlierefore w ould act as a buffer betafeen the blood and tissues 
This “buffer action” of free edema fluid has been entirely overlooked 
by proponents of increased tissue affinity for water Should the tis- 
sues have sufficiently “increased affinity” for fluids, then there should 
be no free edema fluid When the osmotic pressure of the plasma pro- 
teins increases above tlie critical level, then edema disappears regard- 
less of the hypothetical tissue affinity Free tissue fluid of any sort, 
according to Schade and Claussen, never has enough protein in it to 
develop a higher colloid osmotic pressure (or greater attraction for 
water) than the blood This evidence and more of its kind seems to 
dispose rather definitely of the recently revived theory of edema as due 
to increased tissue affinity for water (Aldrich and McClure (126)), a 
theory with many reincarnations, but still not based upon readily 
measurable and controllable phenomena 

Iversen (127) stated that the protein osmotic pressure of edema 
fluid of the filtration type is never above IS to 20 mm of water — a 
truly insignificant amount 

d Low plasma proteins, non-alhummiiric in origin, and edema of 
"nephrotic" type If the thesis that low plasma proteins are an impor- 
tant causal factor in nephrotic edema be correct, one should observe 
a similar filtration type of edema, with low protein content, in other 
chmeal conditions associated with low plasma proteins even in the 
absence of albuminuria or any other evidence of renal disease In 
other words, whenever the formation of plasma proteins has been 
interfered with by malnutrition or other causes and the accessory fac- 
tors for the occurrence of edema, such as adequate salt and water 
intake, are present, edema should develop This did occur strikingly 
m the so called “war,” “hunger” or “famine” dropsy so widespread in 
1916 and 1917 in Central Europe and elsewhere, particularly in prison 
camps and among the poorer classes of civilian population m regions 
threatened with starvation Thus, Nixon (128) remarked on the low 
plasma proteins in the absence of albuminuna, without giving actual 
figures Jansen (129), however, in an admirable metabolic study of 
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“war-edema,” found serum proteins below 6 4 grams per cent in 30 
determinations out of 40, some as low as 4 grams per cent The 
normal serum proteins were 6 5 to 8 5 grams per cent The edema 
fluid, analyzed in 3 cases, contained 0 038 to 0 063 gram per cent of 
protein — typical nephrotic edema flmd There was no albuminuria 
in this senes and the low serum proteins were explained as part of the 
general undemutrition and tissue-starvation These patients ingested 
large quantities of salt and water, making ideal conditions for edema 
in the presence of decreased serum proteins, i e , decreased abihty on 
the part of the plasma to draw fluids back from the tissues once it had 
been forced out by the excess of hydrostatic capillary pressure over 
the osmotic pressure of the plasma proteins Renal function was 
normal in these cases and there was no cardiac failure It must be 
stated at this point that Jansen did not relate the edema to the low 
serum proteins but built up a comphcated calcium-lipoid-endocrme 
disturbance theory However, Maver (130) in an excellent review of 
the entire field of “nutntional edema,” chmcal and experunental, 
clearly stated the connection between the lack of protein food and 
edema 

A closely related type of clinical edema was reported by Wolferth 
(131) as occurring in two patients who suffered from impaired intes- 
tinal absorption following abdominal operations and who developed 
a severe undernutntion The edema was nephrotic in type, unas- 
sociated with any cardiac or renal impairment There was no signifi- 
cant albuminuria, yet the plasma proteins were markedly decreased — 
3 3 and 4 0 grams per cent, respectively This author emphasized 
the role of the coUoid osmotic pressure of the plasma in the absorption 
of tissue fluids by the capillaries and pointed out the good response of 
the chmcal condition to increased intake of food and improved nutri- 
tion A great many similar cases could probably be found in the 
hterature, especially in association with severe diarrheas 

It IS only one step farther from the above edemas, non-albuminuric 
in ongm, to the cachectic and starvation edemas seen in a variety of 
dinical conditions, including obstructive lesions of the upper part of 
the alimentary tract, severe anemias, advanced mahgnancies, etc 
This was early emphasized by Maver (130) In most of these states 
the general emaciation is reflected in moderate reduction of the plasma 
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proteins, donn to 5 grams per cent, in the more severe cases down to 
3 5 grams per cent, and soft edema of dependent portions of the body 
becomes manifest, according to Peters, VVakeman and Eisenraan (132) 
They conclude that the low plasma protein is “at least a contnbutory 
cause of cachectic and starvation edemas ” In more recent work, 
Bruckman, D’Esopo and Peters (221) have pointed out that the serum 
albumin is essentially the only fraction affected in various types of 
malnutrition They correlated the serum albumin level with the state 
of general nutrition Bruckman and Peters (222) also could demon- 
strate a constant relationship between the presence of nutritional 
edema and a serum albumin content below 3 per cent It may be 
emphasized here that the chronic undernutntion of some cases of 
nephrosis is often the result of misguided dietar}' restrictions and in 
itself may aggravate tlie reduction of the plasma proteins begun by 
albuminuria, as has been pointed out by Peters and Bulger (133) 

The edema occurring in the course of severe diabetes mellitus pre- 
sents a complicated problem Falta (134), m discussing famine 
dropsy, drew an analogy botw een it and the sodium bicarbonate edema 
in diabetic patients and emphasized the fact that both types of edema 
were produable only on diets rich in salt In 1923, Falta (135) ad- 
mitted the possibility of the development of sodium bicarbonate edema 
in some diabetics even on a low salt diet Here again, the patient 
studied fulfilled the requirements for nutritional edema— marked 
undernourishment and a high fluid intake Even during the edema- 
tous period the unne volume was never less than 2800 cc daily The 
importance of malnutntion, increased intake of water and tlie lack of 
oliguria in diabetic edema were clearly stressed by Wilder and Beeler 

(136) They related the condibon to war-edema and considered inani- 
tion as the determining factor They pointed out the sinking inci- 
dence of diabetic edema, with polyuna and increased chlonde excre- 
tion, dunng the “starvation” period of diabetic management and the 
anti-edematous effect of an increased intake of food In one of their 
cases edema developed m the absence of sodium bicarbonate therapy, 
thus ruling out alkalosis as a sine qua non in diabetic edema Joslm 

(137) , (138), attributed diabetic edema mainly to the combination of 
undernutntion plus an excessive intake of salt and water, but also 
indicated the accessory effect of alkalies and the temporary retention 
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‘^war-edema,” found serum proteins below 6 4 grams per cent in 30 
determinations out of 40, some as low as 4 grams per cent Tbe 
normal serum proteins were 6 5 to 8 5 grams per cent The edema 
fluid, analyzed in 3 cases, contained 0 038 to 0 063 gram per cent of 
protein — typical nephrotic edema fluid There was no albuminuria 
in this series and the low serum proteins were explained as part of the 
general undemutrition and tissue-starvation These patients ingested 
large quantities of salt and water, making ideal conditions for edema 
in the presence of decreased serum proteins, i e , decreased abihty on 
the part of the plasma to draw fluids back from the tissues once it had 
been forced out by the excess of hydrostatic capillary pressure over 
the osmotic pressure of the plasma proteins Renal function was 
normal in these cases and there was no cardiac failure It must be 
stated at this point that Jansen did not relate the edema to the low 
serum proteins but biult up a comphcated calaum-hpoid-endocrine 
disturbance theory. However, Maver (130) in an excellent review of 
the entire field of “nutntional edema,’’ clmical and expenmental, 
clearly stated the connection between the lack of protein food and 
edema 

A closely related type of chmcal edema was reported by Wolferth 
(131) as occurring in two patients who sufiered from impaired intes- 
tinal absorption folloiving abdominal operations and who developed 
a severe undemutntion The edema was nephrotic in type, unas- 
sociated with any cardiac or renal impairment There was no signifi- 
cant albuminuria, yet the plasma proteins were markedly decreased — 
3 3 and 4 0 grams per cent, respectively. This author emphasized 
the role of the colloid osmotic pressure of the plasma in the absorption 
of tissue flmds by the capillaries and pomted out the good response of 
the clmical condition to increased intake of food and improved nutri- 
tion. A great many similar cases could probably be found in the 
literature, especially in association with severe diarrheas 

It IS only one step farther from the above edemas, non-albuminunc 
in ongm, to the cachectic and starvation edemas seen m a variety of 
clinical conditions, includmg obstructive lesions of the upper part of 
the alimentary tract, severe anemias, advanced mahgnancies, etc 
This was early emphasized by Maver (130) In most of these states 
the general emaciation is reflected in moderate reduction of the plasma 
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of water in the body as the result of rapid storage of carbohydrate in 
the form of glycogen. The last mentioned factor was used to explain 
the edema occurring during an oatmeal “cure ” The plasma proteins 
were apparently not considered by the authors quoted above. Peters, 
Bulger and Eisenman (139) found reduced plasma proteins quite regu- 
larly in severe diabetes with chrome malnutrition, except during dia- 
betic toxemia when concentration of the blood took place While 
these authors found low plasma proteins in association with diabetic 
edema, they did not estabhsh a cause and effect relationship between 
the two phenomena but attributed both to the undernutrition. In a 
later paper, Peters, Bulger, Eisenman and Lee (140) ascribed diabetic 
edema chiefly to undernutrition, partly to the excessive hydration 
following upon the cessation of acidosis and its dehydrating action, 
partly also to the unusual sensitiveness of the undernourished diabetic 
to the hydrating effect of sodium bicarbonate They stated that 
edema occurred only m diabetics who presented tissue wastage as a 
result of inadequate diets Adequate diets brought about spontaneous 
disappearance of the edema 

In view of the above facts, it becomes extremely difficult to evaluate 
the r61e of insuhn as an edema-producing factor in diabetic patients 
Undernutrition, the recoil from dehydration, large salt and fluid intake, 
at times alkahes, all are acting simultaneously with insulin in the 
severe diabetic who develops a temporary edema On the other hand, 
it may weU be, as suggested by Wilder (141) and Joshn (138) that the 
rapid storage of carbohydrate, under the influence of insulin, has a 
temporary hydropigemc effect This would represent a purely indi- 
rect effect and not a specific action of msuhn on water balance m the 
body It must be remembered that retention of water as a result of 
the deposition of glycogen m the hver and muscles would produce pri- 
marily an intra-cellular edema and not the ordinary anasarca How 
ever, the less staking gams m weight could be accounted for on 
this basis 

e Expenmentally reduced plasma proteins and edetna Starhng (6) 
was the first to correlate the osmotic action of the plasma proteins 
with the absorption of edema artificially produced m the hmd extrem- 
ity of the dog Schade and Claussen (104) constructed an artificial 
capillary system in which they could vary at will either the hydrostatic 
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filtration pressure or the osmotic fluid attracting pressure of the pro- 
teins of the perfusing serum, or both In this m ay they could produce 
at uill, increased filtration of fluid from the capillary outuard, at 
points in the system where the hjdrostatic pressure was higher than 
the protein osmotic pressure, or the reverse when the latter was in 
excess ox er the former, or a condition of dynamic equilibrium xvhen the 
two mechanical forces were ex'enly balanced The above expenmen ts, 

while suggestive of a direct cxpenmental basis for the clinical correla- 
tion between low plasma proteins and edema, were rather artificial 
and unconvincing because w hole, hxang organisms with all their proces- 
ses for adaptation to changing conditions by internal regulation w ere 
not the subjects of ex-pcnmentation 
The first direct proof of the occurrence of edema m intact animals 
with loxv plasma proteins was reported by Leiter (142) in 1928 The 
plasma proteins iccre reduced in dogs for days or weeks by the method 
of plasmaphorcsis Adcqiiatc salt and water intake was provided for 
Under these conditions edema and ascites occurred regularly when the 
plasma proteins had been reduced to, and maintained at, about 3 grams 
per cent kVhen protein depletion stopped for only 24 to 48 hours the 
plasma proteins rapidly rose above the cntical level and edema disap- 
peared In tbesedogs the regeneration of plasms proteins appaieady 
takes place fairly rapidly (224) Extremely significant was the low 
protein content of the subcutaneous edema fluid, usually below 0 1 gram 
per cent, often much less The ascitic fluid usually had less than 0 25 
gram per cent of protein These figures correspond excellently to 
those for nephrotic edema flmd and in themselves distinguish this 
experimental edema from most previous forms in that they definitely 
rule out capillary damage or increased permeabihty (to proteui) In 
short, since the protem content of the edema fluid was usually not 
any higher than that of normal cerebrospinal fluid, the burden of proof 
is on those xxho postulate changes in the capillary endothelium of w hat- 
ever nature This experimental edema, non-cardiac and non-renal in 
origin, appearing m the course of continued loss of plasma protems 
seemed to furnish the necessary hnk in the chain of clinical and expen- 
mental evidence accumulating since Starhng’s ongmal bnlliant con- 
tnbutions to the subject of fluid exchange in the body Barker and 
Kirk (223) later produced a similar edema in dogs independently 
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Closely related to the above edema ts that occurring in mice subsisting 
upon a low protein diet Denton and Kobman (143) and Kohman 
(144) (145) have observed this in studies upon diets in which carrots 
formed the only source of protein This edema develops at the stage 
of emaciation and bears a striking resemblance to the “war-edema” 
discussed above Recently, Frisch, Mendel and Peters (146) have 
repeated the entire work on rats, confirmed it in all its details and 
enhanced its sigmficance considerably by determinations of the serum 
proteins Thej'’ found the proteins reduced from the normal 7 grams 
per cent to below 4 grams per cent when edema developed Since the 
low proteins here were produced not by active loss from the body (as 
in nephrosis or in Leiter’s dogs) but by decreased formation due to 
inadequate supply of proteins in the diet, it is not surprising that edema 
took 8 to 14 weeks to appear, whde Leiter (142) obtained edema m 
dogs in 4 to 5 days The addition of protein to the diets of the rats 
resulted in rapid disappearance of edema and the return of the serum 
proteins, and the animals as a whole, to normal conditions The 
authors stressed the importance of salt and water intake as accessory 
factors m the edema The work, like that of Kohman, was very well 
controlled in regard to total calories, carbohydrate and fats, vita min 
content, mineral balance, etc No analyses are available as yet upon 
the protein content of the edema fluid, but the results are predictable 
from the pathogenesis of this type of edema 

/ Summary of evidence concerning nephrotic edema F rom the mate- 
rial presented above the following “aphorisms” may be gleaned 

1 AH cases of active nephrosis have sigmficant proteinuria 

2 During the active stage, all cases of nephrotic edema have low 
total plasma proteins, or low plasma albumin — ^hence, all have low 
protein osmotic pressure 

3 Nephrotic edema may disappear spontaneously or be absent in 

spite of albuminuria and low plasma proteins when the ratio 

globulin 

is high enough to give an osmotic pressure of the serum proteins above 
20 cm of water Ci e . above the normal capillary blood pressure) 

4 Nephrotic edema is much more likely to yield to various diuretic 
measures when the plasma albumin is above, than when it is below, 
about 2 grams per cent 
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5 Nephrotic edema rarelj' persists any length of time after albumi- 
nuria has decreased markedly 

6 The edema fluid in nephrosis, like that in “war-edema” and 
experimental protein depletion, is a low protein filtrate of the plasma, 
very much like cerebrospinal fluid, formed and disposed of by known 
mechanical forces and not involving the permeability of the capillaries 
in any way 

7 Low plasma proteins whether produced by loss of protein m the 
urine, by deficient regeneration as a result of disease or lack of proper 
building stones in the food, or by the combination of the two, are in 
themselves capable of accounting for the chronicity of nephrotic edema 
on a purely mechanical basis 

8 Low plasma proteins and low protein osmotic pressure are cer- 
tainly not the only factors m nephrotic edema, but probably the most 
significant A case of active nephrosis with an entirely normal plasma 
protem picture has not been found in the literature 

D Disturbances m Upoid metabolism 

a Increased lipoids in blood and transudates tii nephrosis At about 
the same time that Munk was developing his ideas on hpoid degenera- 
tion in the kidneys and doubly refracting urinary lipoid droplets, 
Javal (22) attempted by chemical analysis to explain the milky appear- 
ance of the serum and transudates in a case of luetic nephrosis Two 
interesting facts came out of this work (o) There was a marked in- 
crease in the ether-soluble material (lipoids) of the milky serum when 
the patient was edematous — 27 to 33 grams per liter, as compared with 
only 3 95 grams per liter in the clear serum when there no longer was 
edema (i) There was surpnsingly little ether-extractible material 
in the milky ascitic fluid— 0 35 to 0 88 gram per hter The same 
held true for the unne These two facts, established by rather crude 
methods, have been repeatedly confirmed Javal explained the opal- 
escence of the ascitic fluid on the basis of its lecithin content, which 
formed 75 per cent of the total ether extract, and emphasized the 
importance of lecithin in water emulsions as the chief cause of opal- 
escence in body fluids He supported these claims by experiments on 
such mixtures 

b Cholesterol and its esters tn blood and transudates Using the 
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cholesterol content as an index of the change in total lipoids, Chauf- 
fard, Laroche and Grigaut (147) pointed out the tremendous increase 
of the serum cholesterol in 3 cases of nephritis with edema — 300 to 
800 mgm per 100 cc — as compared with the figures in 9 cases of 
nephritis with urea retention or uremia — 135 to 290 mgm , and values 
of 110 to 160 mgm per 100 cc in 9 cases of cardiac edema The au- 
thors noted an inverse relationship between the degrees of urea reten- 
tion and cholesterol increase Chauffard, Richet and Grigaut (148) 
compared the cholesterol content of serum and edema fluid in 2 cases 
of nephritic edema and 2 of cardiac edema The edema fluids con- 
tained only 1 5 to 5 mgm of cholesterol per 100 cc while the serum had 
270 and 330 mgm in the nephritics and 130 and 110 mgm per 100 cc. 
m the cardiacs The authors concluded that cholesterol, unlike urea 
and chloride, behaved as a colloid, not passing through the capillary 
walls into the transudates This, incidentally, is another bit of evi- 
dence concerning “permeabihty” of the capillaries in edema 
Numerous reports have been published since this early work, all 
agreeing upon the occurrence of high blood, serum or plasma cho- 
lesterol in nephrotic edema No attempt will be made to go into the 
enormous literature on this subject The authors quoted below have 
already reviewed the earlier publications Epstein and Rothschild 
(149) found the blood cholesterol as high as 1226 mgm per 100 cc in 
nephrosis, as low as 80 mgm in uremia They also confirmed the 
earher work in regard to the very low cholesterol content of transudates 
and urines A most thorough study of the serum cholesterol m all 
types of renal disease was reported by Stepp (150) His normal 
values were 130 to 170 mgm per 100 cc In nephrotic glomerulo- 
nephritis, acute or chrome, the cholesterol was found increased (in one 
instance to 686 mgm per 100 cc ) In 5 cases of nephrosis the amounts 
ranged from 160 to 1170 mgm , usually between 300 and 600 The 
lower figures occurred m patients with diuresis and decreased albumi- 
nuria Stepp stated that the blood cholesterol could be used as an 
index of the “nephrotischer Einschlag ” 

Beumer (151) using the Wmdaus method, found the serum cho- 
lesterol m normal children to vary between 100 and 160 mgm per 100 
cc , in 6 cases of acute nephritis with edema between 120 and 240, and 
in 4 cases of “nephrotic” edema (including amyloidosis) between 220 
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and 690 mgm per 100 cc Hahn and VVolfl (152) earned out an exten- 
sive study upon the cholesterol content of body fluids and confirmed 
the occurrence of hypercholesterolemia in “nephrotic” types of renal 
disease The free and esterified cholesterol in the blood were increased 
proportionately Schwarz and Kohn (99) observed high serum cho- 
lesterol in all “nephrotic” children dunng the edematous stages, the 
values ranging between 300 and 900 mgm per 100 cc In 3 cases of 
nephrosis, Hiller, Linder, Lundsgaard and Van Slyke (153) reported 
plasma cholesterols of 510 to 620 mgm per 100 cc Gardner and 
Gainsborough (154) (155) and Gainsborough (156) have carefully 
studied the distribution of cholesterol and its esters in the plasma with 
the Windaus method and confirmed the findings of otlier authors who 
have used less accurate, colonmetnc metliods A recent investigation 
bj Maxnell (157), in which 30 cases of “chronic parenchymatous 
nephntis” ncre included, led to the conclusion that increased plasma 
cholesterol nas always found in true “renal” edema Again, the 
edema fluids analyzed contained only traces of cholesterol, at the most 
10 mgm per 100 cc Differences in methods account for some of the 
vanation m the values given above 
c Urinary cholesterol and effect of ingestion of cholesterol on the blood 
and urine The charactenstic occurrence in the urine of doubly 
refracting hpoid droplets, containing cholesterol esters, would lead one 
to expect a considerable urinary cholesterol content m nephrosis 
Furthermore, in the presence of marked hjpercholesterolemia, excre- 
tion of ingested cholesterol should be favored Actual analyses of 
the unne have given httle support to these expectations The figures 
must be taken witii reservation because of the technical difficulties 
in dealing with such low concentrations of cholesterol compounds as 
occur in the urine Epstein and Rothschild (149) indicated the very 
low cholesterol content of the urine in “chronic nephrosis” without 
giving actual values Hahn and Wolff (152) found a daily urinary 
output of cholesterol compounds amounting to 20 to 35 mgm m a 
patient whose serum contained between 420 and 680 mgm per 100 cc 
and no urinary cholesterol in an edema-free patient with serum cho- 
lesterol of 350 to 440 mgm per 100 cc The ingestion of 5 grams of 
cholesterol had no significant effect on either the blood or urinary 
cholesterol in these two patients with nephrosis However, since the 
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cholesterol was not given with oil some doubt as to its absorption is 
expressed by the authors In the feeding expenments of Gross (158), 
the ingestion of 5 to 10 grams of cholesterol or even of 200 grams of 
butter, by patients with “nephrotic” types of renal disease, led to an 
increase in the number of urinary doubly refracting hpoid droplets in 
4 to 7 hours, while no effect was produced in patients with glomerular 
types of renal disease Unfortunately, no chemical analyses were 
carried out in this study, but in a latter review Gross (159) stated that 
in a patient with nephrosis the daily output of cholesterol (chiefly as 
esters) in the urine which was 120 mgm on a fat-free diet, was in- 
creased to 600 mgm on a hpoid-nch diet These enormous values 
have not been confirmed, however, and probably were due to technical 
errors Burger (160) criticized severely much of the work on cho- 
lesterol involving colorimetric methods and justly emphasized the inac- 
curacies inherent in analyzing cloudy or colored fluids With the 
Windaus digitonin method, no cholesterol was found in normal urines 
In a case of nephrosis accurately studied for 8 days, the urinary cho- 
lesterol output per day varied between 0 35 and 3 12 mgm , being 
entirely independent of the albuminuria, the cholesterol level in the 
blood, and the cholesterol intake in the diet Burger concluded that 
the unnary hpoids were dtrectly dependent upon the tntenstty of tubular 
desquamation and that the plasma cholesterol in nephrosis did not pass 
out into the urme any more than it did in diabetic or cholemic hyper- 
cholesterolemia, in which the unne was free from cholesterol Gaal 
(225) expressed the same views Using the digitonin method, Gardner 
and Gainsborough (154) found the total cholesterol excretion in the 
unne to be 1 7 to 4 2 mgm per day m normal individuals as well as m 
a variety of diseases In 3 cases of “subacute parenchymatous nephri- 
tis” with high plasma cholesterol values, the daily urinary cholesterol 
output (all forms of cholesterol included) varied between 16 and 42 
mgm These authors brought forward evidence in favor of the existence 
of a conjugated “ethereal” type of cholesterol compound in the urine 
This form of cholesterol was stated to constitute from 30 to 70 per cent 
of the total cholesterol present in the urine It is interesting that 90 
per cent of the urinary free cholesterol and its esters, in the urine of 
one patient, was found in the protein fraction, while the “ethereal” 
cholesterol remained m the protein-free filtrate Gainsborough (156) 
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pointed out that much more cholesterol could be salted out with the 
globulin than ivith the albumin fraction of the urine, and correlated 
this with the relative “solubility” of cholesterol m the two protein 
fractions The recent investigation by Wichert, Popeloff and Jakow- 
lewa (161) represents a careful metabohc study in which the blood, 
urine and feces were analyzed for cholesterol on low and high cho- 
lesterol diets, the latter consisting of the addition to the diet of 2 grams 
of cholesterol in sun-flower oil for one day In healthy individuals 
virtually no cholesterol was found in the unne and the feeding expen- 
ment led to no increased excretion and little or no effect upon the blood 
cholesterol In patients with various diseases including hepatic dis- 
ease and obstructive jaundice, the urinary cholesterol was extremely 
low, less than 1 mgm m 24 hours, and it was unaffected by the absorp- 
tion of ingested cholesterol In 4 cases of “nephrotic” renal disease, 
however, the urinary cholesterol output during the control period was 
as high as 12 mgm , with a rough parallelism to the seventy of the 
nephrotic syndrome and the amount of doubly refractile lipoid drop- 
lets In these patients ingestion of cholesterol led to considerable 
increase in blood cholesterol and a SO to 200 per cent increase in unnary 
cholesterol, the maximum effect occurnng m 1 to 3 days The highest 
excretion was about 34 mg in a severe nephrosis A somewhat simi- 
lar, though much less striking, response occurred in some patients 
with hypertension It is interesting to note that no relationship was 
found between the level of cholesterol in the blood and that m the 
unne, even in nephrosis It is also obvious that in future investiga- 
tions some differentiation must be made between true excretion of 
cholesterol compounds from the blood and merely increased desquama- 
tion of hpoid-filled cells from the renal tubules The specifiaty of 
“hpoid degeneration” in nephrotic types of renal disease and the 
apparent absence of cholesterol excretion m other conditions associ- 
ated with a high blood cholesterol level lend support to the idea of a 
renal cellular origin of the urinary cholesterol in nephrosis 
d The cause of hypercholesterolemia (Itpemia) in nephrosis It was 
not unnatural for Epstein and Rothschild (149) to assume that the 
hpemia in nephrosis, like that in diabetes, was an instance of non- 
utihzation of lipoids that were derived largely from the food but partly 
also, from the break-down of tissues during undemutrition They 
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claimed that the hpemia subsided when the patients were given a high 
protein, low carbohydrate and low fat diet This effect, however, 
was probably related to improvement in the general condition of the 
patient rather than to any specific action on hpoid metabohsm, and 
was not obtained in the absence of the former Schwarz and Kohn 
(99) observed no effect upon the blood cholesterol from the use of high 
protein diets Many other investigators have had a similar experi- 
ence Keith (162) noticed duninishmg hpoidemia in patients with 
nephrotic edema receiving very high fat diets Epstein (95) later 
denied any effect of the fat content of the diet upon the hpoidemia but 
emphasized the primary nature of this disturbance in the blood, in 
contrast to the secondary position of the hpemia in diabetes melhtus. 
Mobilization of body fat and general tissue degeneration were thought 
to be factors The degree of hypercholesterolemia was considered an 
index of the severity of the nephrosis In 1926, Epstein (163) wrote 
of a reciprocal relationship between the cholesterol level in the blood 
and the rate of protein metabohsm, based upon the earlier work of 
Epstein and Lande (164) in which h)^othyroidism and nephrosis were 
compared More recently, this author (11) stressed the relationship 
between hpemia and low plasma proteins, basing his opinion upon 
bleeding experiments on rabbits by Fishberg (165) (166) in which an 
enormous hpemia developed as anemia and low plasma proteins 
appeared 

The lack of dependence of a high blood cholesterol in “nephrosis” 
upon the hpoid content of the diet was illustrated by Beumer in 1921 
(151) in studies upon a 7 year old child who had extensive bone tuber- 
culosis and “nephrosis” (amyloid) The serum cholesterol was 690 
mgm per 100 cc (Windaus method) during the edematous state, 552 
to 688 mgm after edema had decreased on a dry diet and urea therapy, 
640 mgm after 9 days on a diet rich m cholesterol, and remained 
imchanged on a subsequent low fat, high protein diet However, a 
spontaneous decrease m serum cholesterol to 333 mgm per 100 cc 
occurred later and was likewise uninfluenced by a hpoid-rich diet 
Beumer demed the existence of a true disturbance in hpoid metabohsm 
in nephrosis and deprecated attempts to restrict the fat intake of such 
patients According to Burger (160) an alimentary hypercholesterol- 
emia occurs normally in man after ingestion of 5 grams of cholesterol 
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in olive oil, reaching a maxinium within 4 to 5 hours with rapid return 
to a normal level However, no permanent increase can be effected 
by diet because of rapid excretion of cholesterol in the bile and feces 
A direct attack upon the question of the cause of the lipemia in 
nephrosis and nephrotic types of nephntis was first made systemati- 
cally by Hiller, Linder, Lundsgaard and Van Slyke (153) Using the 
fat meal (1 gram of butter per kilogram of body weight) these authors 
found no difference from the normal response in regard to the effect of 
the meal on the total metabolism and the non protein respiratory 
quotient The same held true for the blood cholesterol, which show ed 
no significant consistent change after the fat meal The blood lecithin 
increased about 10 per cent more in the nephrotic group than in the 
normals The maximum increase m fatty acids, while varying con- 
siderably m both groups, averaged about 45 per cent in the nephrotic 
group, nearly twice the normal increment In three cases of uncom- 
plicated nephrosis the control or initial plasma cholesterol was 510 
to 620 mgm per 100 cc , the plasma lecithin 425 to 430 mgm and the 
plasma fatty acids 950 to 1040 mgm per 100 cc The authors con- 
cluded that there was no disturbance in the actual combustion or 
oxidation of fat in renal disease, but probably a dtslurhei mccltanismfor 
the transfer of fat from the blood to the tissue depots, accounting for the 
hpemia This important conclusion has not been given adequate 
recognition in those theories of the pathogenesis of nephrosis that 
postulate a serious upset in lipoid metabolism 
Ling and Liu (167) have reported an investigation on the plasma 
lipoids in nephrosis wluch tends to confirm the conclusions of Hiller, 
Linder, Lundsgaard and Van Slyke They studied the proportion 
of saturated fatty acids in the plasma, as determined by the iodine 
number of the liquid fatty acids In 4 cases with normal total plasma 
hpoids, the average iodine number of the liquid fatty acids was 157 
In 5 cases of “nephrosis” with total plasma lipoids 2 to 3 tunes the 
normal values, the proportions of unsaponifiable lipoids and liquid 
fatty acids were normal but the iodine number for the latter was 59 
to 87, indicating that the fatty acids in nephrosis were far more 
saturated than normally These data suggested to the authors an 
accelerated delivery of fat to the blood from the fat depots with a 
relative slowness of the liver to deal with (unsaturate) it Ina- 
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dentally, they found a sunilar condition in 5 diabetics without signifi- 
cant increase in total plasma lipoids If these results are confirmed 
there would be considerable evidence in favor of regarding the lipoid- 
emia of nephrosis as a phenomenon secondary to undernutrition and 
not indicative of a primary metabolic disturbance In this connection 
may be mentioned the lipemia so readily produced in rabbits by re- 
peated bleeding until anemia and low plasma proteins result (166) 
It IS risky, however, to draw analogies between lipemia in rabbits and 
lipemia in an omnivorous ammal like man, as Burger (160) has so well 
demonstrated Gainsborough (156) felt that the hypercholesterolemia 
of nephrosis could not be accounted for, after considenng all the organs 
or systems involved in the normal metabolism of cholesterol 

e Relahon of hypercholesterolemia to other clinical features of nephro- 
sis. There is general agreement among nearly all the authors quoted 
above that no direct relationship exists between the cholesterol in the 
blood on the one hand and the plasma proteins, the degree of edema, 
the degree of albuminuria, the protein or hpoid content of the diet, or 
the amount of doubly refracting hpoid in the urine on the other hand. 
In general, the blood cholesterol is higher during active, edematous 
states in nephrosis, tending to fall during remissions If the increased 
blood cholesterol reflects a decreased rate of removal of lipoids from 
the blood stream no parallelism with other changes need be expected 
The results of the feeding experiments of Wichert, Popeloff and Jakow- 
lewa (161), referred to above, may readily be explained on the basis of 
a delayed removal from the blood of the excess cholesterol absorbed 
from the ingested test dose Fishberg (166) has suggested that the 
lipemia in nephrosis may be a compensatory process acting to raise 
the colloid osmotic pressure of the plasma She presents no direct 
evidence 

/ The “hpoid degeneration” of the hidneys and hypercholesterolemia 
When Munk (76) (3) (26) first established the morphologic basis of 
“hpoid nephrosis” he clearly distingmshed the peculiar “hpoid degen- 
eration” with its doubly refracting hpoid from all other types of 
degeneration in the kidneys and stressed the irreversibility of the 
process and the inevitable death of the involved cells The absence 
of anisotropic hpoids in autolyzmg material in vitro seemed to Munk 
to necessitate the assumption of a necrobiosis, a slow death of cells in 
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tlie living body The absence of such anisotropic matenal in degener- 
ating liver or heart muscle and even m kidneys with marked fatty 
changes secondary to general disease or poisoning, made the presence 
of “lipoid degeneration” seem all the more a specific, local renal process 
In 1916, hlunk (4) had already adopted the term “lipoid nephrosis,” 
admitted an unknon-n, rather than luetic etiology in many cases and 
spoke of the syndrome as a “constitutional disease,” but made no 
reference to hypercholesterolemia and its possible relation to the 
changes in the kidney The same held true for Fahr (15) and Volhard 
(20) in 1918 Genck (36), however, attnbuted the lipoid deposits in 
the kidney to an infiltration into damaged tubular cells, mth hpoid- 
emia as a necessary factor This point of view w as reiterated by Gross 
(158) who definitely discarded “lipoid degeneration” for “hpoid infil- 
tration," occurnng from the blood, and thus explained the increase in 
unnary anisotropic lipoids after feeding cholesterol to “nephrotic” 
patients Stepp (150) was inclined to consider the hpoid deposits in 
the kidney as the source of the lipemia in nephrosis but admitted some 
of the difficulties involved in this point of view In 1922, Fahr (S3) 
unequivocally accepted hypercholesterolemia m nephrosis as an expres- 
sion of a general tissue, or extra-renal, disturbance leading constantly 
to hpoid infiltration of the kidneys This view he expressed again 
in 1925 (61) with the additional statement that hpoid mfiltration 
occurred at the eery begvming of nephrosis, in contrast to the relatively 
late onset m glomerulonephritis and amyloid disease of the kidney 
Munk (26) m 1925 still held fast to *‘lipoid degeneration” as an irre- 
versible process leading to death of the cell, but admitted the second- 
ary nature of the hpoid deposition in the kidneys, assuming in addi- 
tion to the hypercholesterolemia a change in the physicochemical 
status of the lipoids (i e , amsotropism) with precipitation of the 
excreted lipoids in the cells, where they acted as irntant, foreign 
bodies Lowenthal (10) also emphasized the secondary, infiltrative 
origin of the renal hpoid deposits, the kidney acting as an excretory 
organ for the excess of lipoids in the blood Epstein (11) considered 
the renal hpoid deposits as occurnng relatively late m the disease and 
of entirely secondary importance According to Aschoff (19), in a 
recent address, the tubular hpoid deposits are brought about by reab- 
sorption from a glomerular fluid containing increased lipoid material 
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Gainsborough (156) suggested that the loss of protein in the glomerular 
capillaries might sufficiently alter the solubility relationships between 
the plasma proteins and the cholesterols to favor deposition of the 
latter from the blood m the tubular capillaries On the whole, there- 
fore, there is agreement upon the idea that hypercholesterolemia, as 
one factor at least, determines the deposition of doubly-refracting 
hpoids in the kidney in nephrosis, instead of the older view that the 
hpoid deposits m the kidney were the source of the hpemia However, 
Beumer (151) and Burger (160) still consider hypercholesterolemia as 
secondary to renal and other cellular degeneration in nephrosis Fish- 
berg and Fishberg (226) found no hpoid infiltration in the kidneys of 
lipemic rabbits 

g Chemical nature of the renal douhly-refi acting lipoids The beauti- 
ful work of Adami and Aschoff (168) (169) (170) early indicated that 
while a number of hpoids possessed the property of double refraction, 
experimentally the most striking effects were obtained with salts of 
oleic acid and above all with cholesterol esters of this and other fatty 
aads Of all the compounds tested cholesterol esters had the unusual 
ability of giving rise to charactenstic “flmd crystals,” under proper 
conditions, in the tissues and in vitro This work led the way to Win- 
daus’ (171) direct chemical analyses upon kidneys with and without 
anisotropic hpoids He used his own bnlhant digitonm method for 
determination of the free and esterfied cholesterol In 2 normal 
kidneys the free cholesterol was 0 52 and 0 735 gram, or 0 22 and 0 26 
per cent (of total kidney weight) respectively, while the bound cho- 
lesterol (as esters) was 0 071 and 0 034 gram, or only 0 03 and 0 012 
per cent (of total kidney weight) Hence, there was a very slight 
amount of cholesterol esters in the normal kidney In 3 cases of 
amyloid disease of the kidney with varying degrees of anisotropic 
hpoid deposition histologically, the free cholesterol varied between 
0 84 and 1 12 grams, or 0 27 to 0 33 per cent, and the bound cholesterol 
between 0 28 and 2 199 grams, or 0 09 to 0 65 per cent Hence, with 
relatively little variation in the free cholesterol there was an enormous 
increase, as percentage of moist or dry weight, m the cholesterol esters, 
parallehng the histological findings Wmdaus thus proved beyond a 
doubt that the “hpoid degeneration” was a true infiltration and not a 
hpoid phanerosis Furthermore, he succeeded m isolating and identi- 
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fymg cholcsterin palmitate and cholestenn oleate, two esters which 
Aschoff found to give the polariscopic and staining reactions of the 
anisotropic lipoids in the kidney In short, the doubly refracting lipoids 
of the kidney proved to be mixtures of truei cholesterol esters This 
confirmed Panzer’s (172) pioneer and less refined work in which 
“protagon” was shown to be cholesterol esters, m the kidney 
An exhaustive morphological and chemical study by Fex (81) con- 
firmed the findings of Aschoff and Wmdaus completely, besides adding 
valuable analytical data in regard to the cholesterol and cholesterol 
ester content of vanous other organs in health and disease Fex 
warned against interpreting double refraction as due to cholesterol 
esters m tissues unless a specific cntenon was fulfilled — fluid crystals 
with typical Maltese crosses appearing on cooling after preliminary 
warming, and remaining unchanged for some time at room tempera- 
tures without crystallizing out Staining reactions were indecisive 
True cholesterol esters were not found in the kidneys except in chronic 
renal disease such as glomerulonephritis and “amyloid nephrosis ’’ 
The chemical analysis of normal kidneys gave results essentially 
similar to tliose of Wmdaus (171) The kidneys from 2 cases each of 
diabetes, pernicious anemia and cirrhosis of the liver also showed a 
normal percentage of cholesterol and cholesterol esters In 7 cases 
of glomerulonephritis the highest percentage of free cholesterol (of 
moist kidney weight) was 0 297 (normal), of esterified cholesterol 
0 294 (ten times the highest normal) In 2 cases of amyloid nephrosis 
the free cholesterol was as high as 0 356 per cent and the esterified 
cholesterol 0 419 per cent of moist Ldney weight In other words, 
while the free cholestrol varied little from the normal in these diseases, 
the bound cholesterol was increased about twenty fold in some kidneys 
That this was not an apparent change only was indicated by similar 
high percentages when the dry weights of the kidney were used as the 
basis for computation Interestingly enough, the livers of these cases 
showed no significant deviation from the normal cholesterol and chol- 
esterol ester content, and no anisotropic lipoids morphologically The 
morphological and chemical estimates of the amount of cholesterol 
esters paralleled each other quite regularly in the kidneys, according 
to Fex, but not at all in the adrenals 
h Low surface tension of the serum vt nephrosis Clausen (108), 
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using the drop-weight method, found the surface tension of the serum 
uniformly low in "parenchymatous nephritis” or "nephrosis” in chil- 
dren He thought that albuminuria was directly correlated with the 
lowering of the surface tension, apparently confirming his theory that 
the substance responsible for the reduction in surface tension was able 
to increase the permeability of the capillaries While edema had 
origmally (173) been explained on the same basis — increased capillary 
permeability — Clausen in this paper pointed out that there was a 
closer relationship between low serum proteins and edema There was 
always edema when the serum proteins fell below 5 grams per cent 
Low surface tension and low serum proteins did not always go together 
Thus, in 15 cases of "nephrosis,” 6 had very low surface tension while 
the serum proteins varied between 4 and 8 grams per cent Using the 
du Nouy tensiometer, Leiter (102) confirmed the occurrence of low 
surface tension values for the serum in nephrosis and nephrotic glomer- 
ulonephritis but was unable to correlate these directly with the extent 
of edema, the gross appearance of the serum as to milkmess, or the 
level of the plasma proteins He felt, without any direct evidence, 
that the surface-active substance was somehow related to the increase 
m blood lipoids and probably an incident, rather than a causative fac- 
tor, in the disease or its major symptoms No further evidence has 
been pubhshed to modify this view 

E Decreased basal melabohsm 

Aub and DuBois m 1917 (174) reported, among others, 5 cases of 
"chronic parenchymatous nephritis” with basal metabolic rates vary- 
ing from —40 per cent to +14 per cent, the lowest rate occurring in a 
patient with marked edema In only two of the cases was the rate 
above —10 per cent The authors assumed that undernutntion 
played some role m the low rates Epstein and Lande (164) made a 
comparative study of hypothyroidism and nephrosis with emphasis 
upon the occurrence in both of a high blood cholesterol in association 
with low basal metabohc rates The basal metabohsm in 5 cases of 
nephrosis fell between —8 and —18 per cent The reduction was 
attnbuted to faulty protein metabohsm, a view consistently adhered 
to by Epstein (163) (164) who later emphasized that nephrosis was 
only a relative hypothyroidism and advocated thyroid therapy as a 
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means of stimulating the utilization of protein m the body Epstein 
(163) found the basal metabolic rate between —10 and —22 per cent 
in 60 per cent of the cases, normal or above in 40 per cent This is 
very significant because it indicates that a low basal metabolic rate is 
not a necessary feature of nephrosis and forces a reconsideration of all 
theories involving decreased metabolism as an important element in 
pathogenesis Low basal metabolic rates of about the same extent as 
the above values have also been reported by Hiller, Linder, Lundsgaard 
and Van Slyke (153), Liu (175), Platt (176) and in most of the indi- 
vidual case reports on nephrosis It is difficult to draw any definite 
conclusions concerning the relation between low basal metabolism 
and nephrosis, in view of the prevalence of similar metabolic changes 
in a wide vanety of conditions associated with undernutntion and 
prolonged confinement to bed It seems that with the available evi- 
dence the burden of proof is more on those who claim a primary 
position for the low basal metabolic rate in nephrosis than on those 
who feel that the low basal metabolic rate is an incident secondary to 
undernutntion, therapeutic diets, inactivity and possibly other factors 
On the whole, little has been added to the understanding of the nature 
of nephrosis by the demonstration of the moderately reduced basal 
metabolism 

Tolerance to thyroid medication It was pointed out by Eppinger 
in 1917 (177) and more emphatically bj Epstein in 1921 (27) that 
thyroid extract could be tolerated in large doses by some patients 
with nephrosis That this tolerance could assume rather enormous 
proportions was shown m a more recent paper by Epstein (163) who 
gave as much as 4 grams daily of desiccated thyroid without any 
particular toxic eflfects One patient received an average of 1 5 grams 
daily for five months, followed by intravenous injections of thyroxin 
totalling 137 mgm in 11 weeks, without any striking changes in the 
basal metabolic rate and without any signs of thyrotoxicosis whatso- 
ever Large doses of thyroid have been used by Molnar (178), Cam- 
panacci (57), Liu (175) and others, ever since the enthusiastic daims 
of Eppinger (177) as to the diuretic efltects of thyroid substance in 
renal and cardiac edemas Symptoms and signs of overdosage rarel> 
develop and increases in the basal metabolic rate are not at all regular 
This suggests first of all that in spite of the decreased metabolic rates 
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of these patients there is no true hypothyroidism, secondly that a 
tolerance to thyroid is found in other edematous conditions than 
nephrosis, and finally that the problems of absorption, the rate of 
destruction or inhibition, and the rate of excretion of the active thyroid 
substance must be thoroughly investigated in view of the obvious 
differences in the response of the basal metabolism in true edematous 
states and myxedema In this connection, Platt (176) has recently 
failed to demonstrate any thyroxin (by the tadpole method) in the 
urine of a nephrotic patient who was taking 7 to 14 mgm of thyroxin 
daily, by mouth, for 50 days In spite of these enormous doses, the 
patient’s basal metabohc rate at the end of the penod was —35 per 
cent, and there had been no noteworthy changes m the clinical status 

F General theones of pathogenesis 

a The theories Only the more generally accepted theories or those 
of historical interest will be discussed here In dealing with specula- 
tions about a disease which, as Epstein (11) so aptly expressed it, “is a 
compromise between chmcal medicme and pathology” the mixture 
of chmcal and pathological pomts of view, while confusing at times, 
becomes a necessary matter. Regardless, however, of what is ulti- 
mately accepted as the essential morphological basis of nephrosis, the 
general chmcal syndrome still remains to be explained and for this 
reason one finds pathologists venturing into difScult physiological 
domains and frankly admitting the inadequacy of the visible structural 
changes to account for the manifestations of the disease 

Beginmng with the study of “lipoid degeneration” in the kidneys 
after the pioneer and classical study by Kaiserhng and Orgler (35), 
Mtmk (3) built up the chmcal and pathological structure of what he 
considered a primary degenerative (tubular) renal disease (nephrosis), 
often associated with active lues In 1916 (4) he used the term “hpoid 
nephrosis,” emphasized the constitutional or general character of the 
disease and stated that syphilis was the only known virus to produce it 
in pure form, although many cases were not luetic in origin The 
edema was extra-renal m origin according to Munk, and on this point 
there was, and still is, pretty general agreement Munk, however, 
attnbuted the edema to the increased hydration capacity of the altered 
colloids of the body, an explanation as insusceptible of disproof as it 
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IS difficult to prove The opalescence of the serum and transudates 
was also blamed, and with more justice, upon physicochemical changes 
in the colloids The important point of this entire theory was the 
explanation of the major symptoms of nephrosis on the basis of a 
general, metabohe disorder, anth the organic renal process distinctly tn a 
secondary role Renal function tests were stated to be of minor signifi- 
cance “Nephrosis” was accepted as a justifiable contrast to “nephri- 
tis” in view of the purely degenerative renal changes in the former In 
1925 Munk (26) again emphasized the general nature of the disease 
and related the anisotropic Upoid deposits in the kidney to the hyper- 
cholesterolemia and physicochemical changes in the circulating lipoids, 
while attributing the (primary) renal epithelial damage to the same 
agent, unknown, which brought about the lipemia, an expression of an 
underlying general disturbance Albnminnna was due to a shift of 
the plasma colloids toward the coarser cuglobulm fraction, which was 
treated by the kidney as a foreign “denatured” protein Edema was 
caused by a decrease m the hydrophilic colloids, and their change to 
lyophilic colloids, in the serum and cells Albuminuria and lipoidtiria 
were considered as compensatory processes to rid the body of undesir- 
able excesses in the affected colloids More recently, Munk (179) has 
restated these views and unequivocally accepted nephrosis as a disease 
entity, not a local renal disease but one of the “Nierenbegleiter- 
krankungen ” 

Volhard in 1914 (2), in conjunction with Fahr, popularized the term 
“nephrosis” as the name for the general group of tubular degenerative 
nephropathies, in which “genuine” or “cryptogenic” nephrosis formed 
the important clinical sub-group characterized by edema and normal 
renal function The extra-renal nature of the edema was clearly deduced 
and elaborated upon in such irrefutable fashion by Volhard m 1918 
(20) as to have become an axiom Vascular damage, due to some 
hypothetical capillary poison originating in the degenerating kidney 
tubules, was made responsible for the edema on the basis of increased 
permeability Albuminuna was readily explained as tubular m ongin 
It IS extremely interesting that Volhard raised the question of a pos- 
sible primary metabolic disturbance with secondary albuminuna, 
renal changes, etc (Munk’s views) but dismissed this idea on the 
ground that albuminuna and hpoid deposits in the kidney were absent 
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m “war-edema,” which was undoubtedly a general metabohc dis- 
turbance He finally confessed ignorance of the true pathogenesis 
Fahr, who deserves most of the credit for establishing nephrosis 
as a pathological entity, descnbed glomerular changes as part of the 
picture in 1918 (15) but took issue outspokenly with Lohlem and others 
in denying any dependence of the t3^ical nephrotic tubular changes 
upon those in the glomeruli In other words, there was no doubt in 
Fahr’s mind that he was not dealing with a mild glomerulonephritis. 
Even m “amyloid nephrosis” there was no parallelism between the 
degree of tubular degeneration and the amount of amyloid in the 
glomeruli There was, however, a consistent association between edema 
and renal anisotropic lipoid deposits m the cases with amyloidosis 
Fahr believed that toxic factors rather than local nutritional or vas- 
cular disturbances (as in glomerulonephntis) were important in the 
hyahne droplet degeneration of the kidney The albuminuria was 
tubular in ongin, due to increased permeabihty of the capillanes and 
the damaged epithelial cells The edema was extra-renal in its genesis, 
due to toxic vascular injury with increased permeability of the capiUa- 
nes to salt and water Nephrosis was, therefore, both a general and a 
renal disease just as glomerulonephritis, with the difference that none 
of the symptoms in nephosis was due to renal insufficiency In 1922, 
Fahr (53) attempted to correlate anatomically nephrosis, nephrotic 
glomerulonephritis and “amyloid nephrosis” — the three most common 
diseases with the nephrotic sjmdrome In the degenerative glomerular 
changes — “glomendonephrosis” — occurnng in all three, Fahr saw the 
renal expression of general damage to capillary endothelium which, 
in the rest of the body, mamfested itself m edema and h3^ercholes- 
terolemia, the latter leading secondanly to the amsotropic hpoid 
deposits m the kidney Edema was considered as an obhgatory car- 
dinal symptom in lipoid nephrosis, but only a facultative one in the 
other two nephrotic syndromes There was no relationship between 
edema and the glomerular amyloid infiltration but a fairly constant 
paraUehsm between edema and doubly refracting lipoid deposits in 
the kidney, suggesting that both were due to the same extra-renal dis- 
turbance A vicious circle resulted from the contmued cholesterol 
infiltration into degenerated capillary walls in the kidney, leading to 
destruction of the glomerulus and the entire nephron in tune In this 
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paper Fahr definitely concluded that the exira-rcml (general) dis- 
turbance dias primary in lipoid nephrosis, secondary in nephrotic glo- 
merulonephritis and “amyloid nephrosis ” The cause of this disturb- 
ance lias, of course, unknown but presumably some capillary poison 
In 1925, Fahr (61) summarized agam his views on nephrosis He now 
separated “lipoid nephrosis” completely from the other “simple” 
(anatomical) nephroses and postulated a primary tubular degeneration 
(hj aline droplet, etc) with secondary It paid infiltration, the result of 
the general metabolic disturbance, followed in turn by secondary irre- 
versible degeneration of the tubular epithelium In this respect, 
Fahr’s views of the pathological process in the kidneys closely approxi- 
mate Munk’s ideas The glomerulonephrosis occurred relatively late 
and slowly led to disappearance, by atrophy, of the corresponding 
nephrons The lipemia brought to Fahr’s mind the suggestion of 
abnormalities m the reticulo endothehal system and the subcutaneous 
tissues, but he hunted m vain for anatomical changes in the reticulo- 
endothelial system and in the skin capiUanes The difiicult problems 
of the ongmal renal injury and the occurrence of tubular degeneration 
at tunes with hpoid deposits and clinical edema, at tunes without these, 
could not be solved, but of one thing Fahr was certain— that in lipoid 
nephrosis the renal lipoid infiltration occurred at the eery beginning of the 
disease and hence was not secondary to long-standing renal changes 
The primary morphological, though not demonstrable, change in 
nephrosis, was degeneration of the capillary endothelium throughout 
the body 

Aschof (8) stated his grievances concerning the term “nephrosis” 
very fully in 1917, the chief objections being that the term meant 
something different to every famous clinician and that all the autopsy 
material he had examined presented the findings of a “burnt-out" 
glomerulonephritis He did give “nephrosis" credit for signifying a 
syndrome but preferred “nephrodystrophy” as far more correct on a 
philological and pathogenetic basis Ten years later, in an address at 
Guy’s Hospital in honor of the memory of Richard Bright, Aschoff 
(19) was no longer so certain of the glomerulonephritic ongin of all 
cases of nephrosis and actuaUy defined “so called nephrosis” in the 
general sense as a renal disease of tubular degenerative type with Vol 
hard’s nephrosis as one of this group, now designated by Aschoff as 
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“hpoid dystrophy of the kidney ” He assumed that the cause of this 
disease was some infective-toxic damage of the whole organism, causing 
increased permeability of the glomerular capillanes to plasma proteins 
and to hpoids which, being partly reabsorbed in the tubules, led to 
hyaline-droplet and hpoid deposits Increased permeability of the 
cutaneous capillaries was the cause of the edema Typical contractions 
of the kidneys did not occur In short, to Aschoff the visible renal 
changes were apparently highly passive and unimportant However, 
he virtually admitted the existence of pure nephrosis, although he had 
fought that idea vigorously for many years 
It was pecuharly significant when Lohlein (68), the foremost author- 
ity on the pathology of glomerulonephntis in all its varied aspects, 
admitted the existence of kidneys showing marked tubular degenera- 
tion with glomerular changes definitely not inflammatory in origin Case 
25, of his 1906 series was an instance, and so were some of Fahr’s cases 
(glomerulonephrosis) Lohlein thus disagreed with Aschoff on that 
score, although he, too, felt that the va^t majority of clinical cases of 
supposed nephrosis turned out pathologically to be forms of subacute or 
chronic glomerulonephritis He drew an analogy between hpoid ne- 
phrosis and “nephrosis gravidarum,” the “kidney of pregnancy,” 
which was also a non-inflammatory glomerular process While prac- 
tically accepting the concept of nephrosis, Lohlein, m all consistency 
with his previous views on glomerulonephritis (67), considered the 
tubular changes in nephrosis as purely secondary to the slight glomerular 
involvement, a point of view pretty well demohshed by Fahr 

Of all the theories on nephrosis in the literature, the one evolved by 
Epstein IS most unique in the originality of its underlying assumption, 
in the intrinsic consistency throughout the years of its evolution, in 
Its close contact with demonstrable facts and especially m a more ready 
susceptibihty to experimental proof or disproof of its individual ele- 
ments than any of the theories hitherto discussed It also has the 
distinction of being the first theory of nephrosis founded largely on 
defimte biochemical and physiological, rather than morphological or 
nosological, evidence This has stimulated a large amount of impor- 
tant biochemical and physicochemical work upon various aspects of 
renal disease Basing his views upon earlier work (91) (124) proving 
the low serum protein level and insignificant protein content of the 
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transudates in nephrotic edema, Epstein (S) m 1917 discarded other 
theories of nephrotic edema as inadequate or grossly in error and em- 
phasized the adaptation of Starling’s views on the r61e of the colloid 
osmotic fressiire of the blood to the problem of edema in nephrosis 

The low ratio in the plasma was due to the constant loss of 

globulin 

albumin in the unne The increase in plasma hpoids represented 
tissue starvation The decreased basal metabolic rate (93) was more 
evidence in favor of a metabolic or nutritional disturbance Epstein 
saw clearly that “chronic nephrosis” was not at all related, clinically 
or pathologically, to the various types of "acute nephrosis,” and that 
"amyloid nephrosis” was also something different In 1921 (27) the 
concept of nephrosis as a general metabolic disturbance was extended 
to explain the albuminuria not upon the usual assumption of increased 
permeability of renal capillanes, but as due to active excretion of qualita- 
tucly changed (chemically, physically or biologically) plasma proteins — 
in short, Munk’s point of view The qiiaiititatue changes in the plasma 
proteins were entirely secondary to this loss of protein in the unne The 
term "diabetes albumtnuricits" was proposed, leaving the kidney as 
unimportant a role in nephrosis^ as in diabetes melhtus The qualita- 
tive change in the plasma proteins made their utilization by the body, 
impossible and, as a result, the rate of metabolism decreased (164) 
and lipemia developed, as m hypothyroidism To Epstein (95), 
therefore, nephrosis became a full-fledged metabolic disease, with, how- 
ever, some renal deficiency, the expected non-protein nitrogen retention 
in the blood being masked by the dilution of waste-products m the 
edema fluid At this time, 1922, the increased cholesterol was con- 
sidered the primary change in the blood, a direct index of the seventy 
of the metabolic disturbance of nutntion In 1926, Epstein defimtely 
asenbed the renal changes in nephrosis to secondary effects of the pro- 
tein and lipoid metabolic disturbances (see Aschoff’s view above) and 
reciprocally related the cholesterol in the blood to the rate of protein 
metabolism Nephrosis was only a relative hypothyroidism in which 
protein utilization could be shmulated by thyroid extracts Finally, 
in 1928 Epstein (11) reviewed clearly his thoughts of 25 years on “so- 
called nephrosis,” to him “diabetes albummuncus ” The albumin- 
una was stated to be the first symptom, chiefly tubular m origin be- 
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cause the urinary ratios were so high as to preclude increased 

globulin 

glomerular permeabiht}’ as the main cause of proteinuna The quali- 
tative changes in the plasma proteins, making them foreign and useless 
to the body, were compared -ndth those occurring m immunity, too fine 
to detect by present chemical methods yet easily distinguished from 
the normal proteins by the kidneys m their excretor}’- capacity The 
clinical picture was the same in all three nephrotic syndromes because 
it was secondary to the loss of protein common to aU Glomerulo- 
nephritis and amyloid disease were merely coincidental m the nephrotic 
s3mdrome. 

The increased blood cholesterol so constant in the edematous stages 
was partly- explamed on a possible dj^sfunction of the th3T:oid or adre- 
nals Edema occurred after the disease was well-established, \wth 
water retention preceding manifest edema by a long interval. The 
underlying cause of the metabolic disturbance uas entirely nnkno-am, the 
so-called causes as lues, tuberculosis, pregnanc3’ and infections bemg 
onl3’- exating factors The relation to h3’poth3Toidism was not of 
a genetic t3’pe and there was no evidence of true thyroid insufficiency in 
nephrosis The characteristic tubular changes were said to be a late 
and secondary occurrence, the onl3' e\adence given being the casual 
mention b3' Jungmann (ISO) of a biops3' on the kidney of a patientwith 
dinicaU3' active nephrosis which showed “no anatoimcal substrate,” 
whereas the autops3’' some time later gave the t3'pical morphological 
picture of nephrosis 

The remaining theories are essentiall3' in agreement with, or slight 
modifications of, the ones discussed so far. Thus Schlayer ( 12 ) in 
1918 developed the theor3- of general vascular damage in nephrosis (see 
Fahr's ^^ews above) to e.xplain the edema and the dela3'ed lactose 
excretion. In other words, nephrosis was the long-sought-for chnical 
counterpart of Schla3*er s experimental “vascular nephntis,” in spite 
of its tubular lesions The latter were considered secondar3^ In this 
wa3* Schla3’-er explained the absence of the nephrotic syndrome in the 
tubular necrosis produced b3' various poisons, and its presence in 
am3-loid disease (vascular) of the kidne3' The gap was said to be 
bridged between nephrosis and nephrotic glomerulonephritis, both 
perhaps due to the same toxin, with no renal inflammation occurring 
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in the former because of an altered reactivity — a “dyscrasia” (181) 
In 1926 Schlayer (182) again stressed the general aspects of nephrosis 
in contrast to the unimportant renal element 

Kollcri’s tlieory in 1923 (98) began with tncrcascd cellular disintegra- 
tion, vluch gave rise to coarsely-dispersed hpoid-protcin bodies (hence 
the milky serum) and increased plasma fibrinogen, the latter causing 
albuminuna above a certain low threshold value for fibnnogen, espe- 
aally if the kidneys were already damaged by local disease The 
hpemia was also attributed to increased cellular degeneration Edema 
was blamed upon the increased hydrophilic capacity of the coarsely - 
dispersed tissue colloids, with the plasma fibnnogen somehow worked 
into this scheme Kollert denied increased permeability of the capil- 
laries as an explanation for the edema of nephrosis In 1926 Kollert 
(14) elaborated upon this theory to add tubular damage to the sequence 
of events and succeeded, to his own satisfaction at least, m apparently 
reconciling the conflicting theones of Volhard, Munk, Epstein, Aschoff 
and Lohlein by somehow including them all To emphasize the gen 
eral metabohc disturbance he suggested the teimmology of “lipoid 
nephrosis in (bei) glomerulonephritis,” “lipoid nephrosis in degenera- 
tive nephropathy,” etc 

Lojienthal (10), in 1926, accepted Fahr’s histological findings com- 
pletely but added to them the occurrence of marked atheromatosis m 
the aortas of young tndunditals unth nephrosis He thought there vas 
a close resemblance to the experimentally produced atheromatosis in rab- 
bits (by feeding cholesterol m oil) The renal tubular changes were 
stated to be not degenerative, in view of the preservation of the nuclei, 
but purely infiltrative Lipoid nephrosis was accorded the position 
of a unique clinical and pathological entity, wath enormous emphasis 
on the disturbed lipoid metabolism, for the anatomical seat of which the 
author searched in earn m the liver, pancreas, gonads, kidneys, the 
gastromtestinal tract and the reticulo endothelial system of his autop- 
sied cases The kidney was merely an excretory organ in nephrosis, as 
in Epstein’s theory In 1928, Lo we nthal f5 41 made another critical 
review of the literature on nephrosis, added more autopsy reports of 
his own carefully-studied material and came again to the conclusion 
that lipoid nephrosis existed m a pure form as an independent disease 
Lues played no role in any of his cases He could blame no one organ 
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for the disease but drew a close analogy with experimental hypercho- 
lesterolemia in lower animals, considenng the hpoid metabohsm as the 
keystone of nephrosis His designation for the disease, a la Epstein, 
was “dt abetes lipotd oproteimcus ” 

The English points of view on nephrosis were illustrated on the one 
hand by Allbiitt (183) who, in 1918, discussed and apparently accepted 
Epstein’s early theory, thus “turning from Galenism to biophysics ” 
On the other hand, Dunn (184) felt that “nephrosis” was a sub-type 
of “subacute nephritis,” the kidneys always revealing stigmata of 
antecedent glomeriditis, namely, small adhesions of the tuft to the cap- 
sule and fatty degeneration of the glomerular capillary endothelium — 
changes rather similar to those descnbed by Fahr and even Lohlein 
as not necessarily mflammatory Bennett, Davies, and Dodds (185), 
in 1927, gave a clear outline of the evolution of nephrosis, la3nng special 
emphasis on hypercholesterolemia and its relation to the renal lipoids 
and edema They reviewed the existing theories, accepted extra-renal 
causes of edema, but left the decision open as to the theory they pre- 
ferred More recently, in the Goulstoman Lectures, Bennett (186) 
accepted “nephrosis” as an entity and showed a considerable willing- 
ness to let go of the traditional Bntish classification of renal diseases 
Gainsborough (156), however, refused to consider “nephrosis” as other 
than a syndiome in glomerido-tubular nephritis and objected to the 
creation of another entity He believed that the edema and the other 
metabohc disturbances might be explained on the basis of the changes 
in the composition of the plasma due to the albuminuna Hence, the 
assumption of unknown, extra-renal factors became unnecessary 

In the United States, m addition to Epstein’s theory, there have 
been pubhshed, among others, the views of Marriott and Clausen, 
Aldnch, Ehvyn, Bell and Eishberg Marriott (173) considered the 
“acute parenchymatous (tubular) nephitis” of children as identical with 
nephrosis It was always secondary to infection, usually a staphylo- 
coccus aureus maxillary sinusitis, and removal of the infection by 
drainage of the sinuses resulted m rapid recovery regardless of the 
type of diet The edema was produced by increased capillary permeabil- 
ity, m turn caused by the surface-tension lowering substance descnbed 
by Clausen (108), apparently a product of staphylococcal action on 
the tissues Clausen (108) combined this etiological classification with 
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emphasis on the loss of body protein, also secondary to increased perme- 
ability as a result of the action of the snrface-actnc substance To 
tliese autliors, therefore, nephrosis was a general systemic disorder 
caused by focal infection with the staphylococcus 

Aldrtch (31), while accepting the non-renal basis of nephrotic edema 
and the importance of infections as etiological factors, refused to limit 
the seat of infection to the nasal sinuses and the organism to the 
staphylococcus He suggested, among other possibilities, that ne- 
phrotic edema might be due to an increased affinity on the part of the 
body cells toward water Bacterial tovns nere considered the cause of 
the change in affimtv of the tissues for water The edema might be a 
protective mechanism to dilute toxins (187) 

EliVyn (188) developed a teleological theory of nephrosis unique in Us 
constitution To him nephrosis was not an mdependent disease but 
always the result of an acute glomerulonephritis or the toxin of amyloid 
disease In either case there were persistent glomerular damage and 
albuminuna and in response to the latter a compensatory oliguria and 
regeneration of plasma globulin Edema then occurred, in order to 
prcicnl increase in blood volume during the period of ohguna The 
edema, thus, was a sequel of purposeful renal retention of plasma pro- 
teins The edema fluid had little protein in it because the universal 
capillary constriction (as indicated by the pallor of patients) purpose- 
fully prevented the loss of protein from the blood However, this capil- 
lan' constnction led to dimimshed tissue oxidation, hence the low 
basal metabohe rate and the accumulation of lipoids in the blood and 
tissues In 1929, Elwyn (189), m his book on edema, summarily 
dismissed the plasma proteins as of any real importance in edema of 
any sort but built up a hypothesis of disturbed regulation with especial 
emphasis upon the hvpolhalamie centers, the “hormone” pituitrin and 
penpheral “constellations of electrolytes ” Hie Imv plasma proteins 
m nephrosis nere now attributed to decreased function of a special vegeta- 
tive center Vegetative centers and hormones kept the blood volume 
all! ays constant In nephrosis there was always a primary glomeru- 
htis which subsided anatomically but persisted as functional damage, 
accounting completely for the albuminuna 
Bell (72) has very recently revieiv ed the status of nephrosis and, after 
the study of 4 cases of what he considered as “pure hpoid nephrosis” 
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and of several other cases of nephrotic glomerulonephntis, has come 
to the conclusion that “lipoid nephrosis appears to be a renal lesion in 
which there is pai tial but not complete obstruction of the glomerular circula- 
tion'^ by enlarged or prohferated endothelial cells or by thickemng 
and contraction of the hyaline glomerular basement membrane, as 
demonstrated by McGregor’s (73) method Transitions of all degrees 
could be found histologically between his cases of “pure lipoid nephro- 
sis” and the obvious forms of glomerulonephntis However, the 
clinical absence of uremia in nephrosis was reflected in the statement 
that contracted kidneys wei e neuer found in nephrosis The tubular 
changes were attributed by Bell to the glomerular involvement 

In a bnef but lucid review of the nature of nephrosis, Fishberg (227) 
accepted without reservations the cause and effect relationship be- 
tween albuminuria, diminished plasma proteins and edema He con- 
sidered as estabhshed the existence of nephrosis in the absence of 
previous glomerulonephntis He was inchned to admit the possi- 
bihty of both the primary renal and the primary metabolic origins, in 
which event the term nephrosis would “ultimately prove to be merely 
a collective concept embracing several distinct diseases, each charac- 
terized chnically by the consequences of loss of great quantities of 
protein in the urine and anatomically by purely degenerative lesions 
of the "kidney ” 

Govaerts (213) assumed a pnmary toxic damage of the glomerular 
capillanes to explain the albuminuna His theory of the pathogenesis 
of nephrotic edema has already been discussed The hpoid infiltra- 
tion of the kidneys in nephrosis was attributed to tubular reabsorp- 
tion, as m Aschoff’s theory The ongin of the hypercholesterolemia 
was admitted to be entirely unknown, but undoubtedly extra-renal. 
As to the direct etiology of nephrosis, the possibility of chronic pneu- 
mococcal infection was suggested 

b Critical considerations Criticism of the various theories out- 
hned in the preceding section is attempted here chiefly for the sake 
of pointing out the weaknesses resulting from lack of sufficient factual 
background, and m the hope of stimulating future investigation of the 
major problems of nephrosis Theories are vitally necessary as fer- 
ments, but care must be taken that there be a proper relationship 
between the substrate of material facts and the amount of speculation 
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The essentially similar point of view of Munk and Epstein in regard 
to a qualitative change in the plasma proteins is an interesting hypo- 
thesis and one capable, in itself, of explaining most of the important 
features of nephrosis However, one thing is lacking — esiidence that 
such a change or denaluratwn of the proteins has actually taken place It 
should be possible by some biological method, if not chemically, to 
demonstrate a difference in proteins which is discermble to the pa- 
tient’s kidneys Until some variation is discovered between normal 
plasma proteins and those of nephrotic patients, the theory of Munk 
and Epstein remains an uncertain speculation It may be interesting 
to refer again to the work of Hewitt (86), (87), who, on the basis of 
prease physical metliods capable of detecting differences between puri- 
fied proteins, was able to demonstrate the identity of serum and un- 
nary proteins in vanous diseases, including nephrosis Furthermore, 
in several patients with marked Bence-Jones proteinuria observed for 
a number of years, no serum albumin was found in the unne at any 
tune This fact, according to Hewitt, rendered untenable the theory 
of Thomas, Schlegel and Andrews (88) who postulated that albumin- 
uria in renal disease was secondary to damage of the kidneys by a 
tissue protein foreign to the normal plasma and arculating in the blood 
early in nephritis 

Whether Munk is correct in regard to the pnmary nature of the 
shift of the plasma proteins toward the globulin fraction, or Epstein 
IS, in considering the increased globulin as purely secondary to in- 
creased rate of regeneration consequent upon loss of protein, remains 
for future study of the course of this change as correlated with the 
course of the disease from its beginning to its end On the whole 
there is much clinical and experimental evidence in favor of Ep- 
stein’s idea 

To Epstein the concept of a change in the permeability of the glo- 
merular capillanes seemed to be insufficient to account for the high 

|)o^in “ nothing seriously unintelhgible in the 

view that there may be just enough change to allow the much smaller 
albumin molecules to escape while the larger globulin molecules 
remain Furthermore it is equally plausible that a further increase 
in permeability would allow more globulin to escape into the unne 
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and give lower ratios Finally some glomerular capillaries 

could be altered more than others, so that all proportions of albumin 
and globulin in the urme would be possible This state of affairs might 
account for the marked variations even m the same patient under 
fairly constant conditions, assuming that the technical methods are 
really reliable Obviously, there is room for much careful work on 
clinical material 

The non-utihzation of the plasma proteins and the consequent 
decrease in metabolic rate in nephrosis, as assumed by Epstein, have 
not been proven Since many patients with iiephrosis do not exhibit 
a reduced basal metabolism, the supposed non-utilization of the pro- 
tein, present m all cases, cannot therefore be the chief cause of the 
change m the energy metabolism But the most difficult point in 
Epstein’s general theory is the understanding of how recovery or 
even temporary remissions can occur in a disease associated with 
serious biological alterations in the plasma protems, unless for some 
reason normal plasma proteins again are formed and albuminuna, 
therefore, ceases There is no analogy of such a recovery in any other 
general metabolic disorder and there is certainly no logical explanation 
of the effects of a high protein diet, thyroid therapy or any other pro- 
cedure, all of which would, in some way or another, not only have to 
stimulate the utilization of the plasma protems but also cause the 
regenerative mechamsm to begin building normal, non-excretable 
plasma protems Since Epstein admits the inherent tendency of 
nephrosis to complete recovery when uncomplicated by other diseases, 
he must explain on the basis of his theory, the mechanism of recovery. 
This he has not done so far The disappearance of the nephrotic 
syndrome, as Epstein (11) himself emphasizes, in cases of glomerulo- 
nephritis which have proceeded to definite renal insufficiency cannot 
be explained on the theory of altered plasma protems His explana- 
tion of the edema in nephrosis seems the best one available at present 
and by far his most important contribution to the entire subject of 
nephrosis Finally, the tune relationship of the anatomical changes 
m the kidney to the active clinical syndrome stiff remains to be accu- 
rately determined On the best authority available (Fahr) it is quite 
different from that assumed by Epstein with only Jungmann’s sketchy 
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statement about one patient as evidence Additional detailed patho- 
logical studies in Epstein’s papers would render his published clinical 
expenence more valuable than it now is 

The theories oj Volhard, Fahr, Aschof, Schlayer, Marriott, Clausen, 
and otliers may be dismissed in so far as in all of the these the edema 
of nephrosis is eiqilained on the basis of increased capillary perme- 
ability, an assumption pure and simple, readily disproved by the low 
protein content of the transudates and theoretically impossible even 
if by “permeabihtj” is meant the ability of capillary walls to allow 
salt and water to pass through them Ihe wrongness of this idea of 
“permeability” was clearly pointed out by McLean (120) in his recent 
review of the general problems of edema Where the theones of the 
above authors refer to increased permeability (to protein) of the 
glomerular or tubular capillaries, there is no criticism to offer It is 
interesting that the pathologists, Eahr and Aschoff, as well as the 
clinicians, assign a secondary role to the kidneys m nephrosis and 
accept the idea of a general, metabolic disturbance More striking, 
however, is the apparent limitation of the recognizable morphological 
changes to the kidneys Fahr, it seems, has definitely proved the 
occurrence of nephrosis, though rarely, as a pure disease entirely inde- 
pendent of any co-evisting or preceding glomerulonephritis Marriott 
and Clausen have not distinguished clearly enough between cause and 
effect in regard to nephrosis and staphylococcal sinusitis, nor has their 
work been suffiaently confirmed by other pediatriaans The rela- 
tionship of their surface-active substance to edema and albuminuria is 
very vague and unsupported by adequate evidence 
Kollcrl’s theory involves an increased general cellular disintegration 
m nephrosis for which there is no foundation m fact Furthermore in 
clinical diseases definitely associated with marked tissue destruction — 
widespread tumor metastases, starvation, severe infectious diseases, 
acute yellow atrophy of the liver, etc— there is usually no senous 
albuminuna nor edema The very high plasma fibrinogen values in 
nephrosis were partly due to errors in the method of analysis, accord- 
ing to Kollert and HartI (107) The causal relationship of high plasma 
fibrinogen to albuminuna has not been confirmed and does not hold 
m febnle h)q)erfibnnogenemia, according to the proponents of this 
theory Kollert’s theory of edema as of cellular or tissue ongin, has 
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the advantage of similar hypotheses in the literature in that it is not 
directly capable of disproof but is apparently convincing enough to 
many climcians not to require any proof. The reconciliation or com- 
pounding of many different theories, each with its own assumptions 
and errors, as KoUert has attempted, does not offer any guarantee of 
greater truth in the resultant hypothesis The pathogenesis of ne- 
phrosis, therefore, has not been clanfied to any significant extent by 
KoUert’s theory 

Elwyn’s theory can only be criticized on the basis that its individual 
parts involve such highly teleological concepts as to make one wonder 
how such a beautifully self-regulating mechamsm could ever be sen- 
ously disturbed by the shght glomerular damage he assumes as the 
primum movens in nephrosis His theory is logical in its structure if 
its numerous assumptions are granted In his zeal for “regulation,” 
Elvyu loses sight of much simpler penpheral mechanisms in the body, 
and his theory of edema becomes hterally top-heavy with vegeta- 
tive centers 

Lowenthal has attempted to hne up nephrosis with other primary 
disturbances in hpoid metabolism, especially with the experimental 
hypercholesterolemias of rabbits Yet his own extremely careful 
pathological study of nephrosis pointed to one fact very clearly — that 
the organs or systems constantly affected in either the chnical (Gauch- 
er’s disease, Niemann-Pick’s disease, xanthomatosis, diabetic lipemias) 
or experimental lipoid metabohc disturbances (in rabbits, particularly) 
were never appreciably involved in nephrosis Shapiro (52) while 
finding some doubly-refracting granules in the splenic follicles and 
l 3 nnph-nodes took pains to emphasize the differences between nephrosis 
and the true diseases of the reiiculo-endothelial system Schonheimer 
(190) and Luharsch (78) have emphasized the absence of anisotropic 
lipoid infiltration of the renal tubular epithelium in experimental hyper- 
cholesterolemias even though the entire reticulo-endothelial system and 
other organs were packed full It is a long and dangerous step by anal- 
ogy from experiments on the lipoid accumulations in a herbivorous animal, 
the rabbit, notorious for its peculiar behavior in many other respects, 
to a disease like nephrosis in an omnivorous animal, man, particularly 
when known diseases of lipoid metabolism in man produce neither the 
clinical nor pathological findings of nephrosis The whole problem of 
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tlie ongin of the hj'percholesterolemia m nephrosis and its relation, m 
time and effects, to other features of the disease has scarcely been 
touched by controlled scientific investigation 
Bell’s theory would be eitremely important if its author had ob- 
served for his own cases of “pure hpoid nephrosis” the critena he justly 
laid dowfn for the others in the literature That this was not entirely 
the case is indicated by the foliowring facts Case 1 presented an acute 
onset, increasing anemia, increasing blood urea, low phthalein output 
(intravenous), death within 4 weeks after the onset Case 2, a child 
of 4 had an acute onset, a systolic blood-pressure ranging between 108 
and IIS mm Hg, progressive anemia, considerable urea nitrogen 
retention m the blood and enough infection m the middle ear and 
sinuses to furnish an excellent focus for glomerulonephntis Cases 
3 and 4 could scarcely be considered climcally as “pure lipoid nephro- 
sis ” The finding of histological changes differing only in degree from 
the ordinary types of glomerulonephnps was, therefore, to be expected 
in these cases and Bell's conclusions regarding lipoid nephrosis were 
unwarranted insofar as he uas not dealing with autopsy material of this 
disease His conception of the dependence of tubular changes in 
nephrosis upon glomerular disease and the assumption of an incomplete 
obstruction of the glomerular circulation may be answered by Fabr’s 
(61) unrefuted histological studies and the excellent renal function in 
nephrosis, respectively It must be added, however, that the beautiful 
staining technic employed by Bell in these studies could profitably be used 
on all kidneys purporting to come from cases of uncomplicated nephrosis 
It may turn out to be the best method for detecting mild or subsiding 
diffuse glomerulonephntis 

NEPHROSIS, GLOUERtlLONEPHRlTIS AND AMYLOID DISEASE 

From what has been said above it is obvious that uncomplicated 
nephrosis, confirmed by autopsy findings, is extremely rare On the 
other hand, the clinical syndrome, in all of its details, is oastly more 
common All authors agree that mild glomerulonephntis and amyloid 
disease of the kidney may give a perfect duplicate of nephrosis clini- 
cally In view of the enormously higher incidence of glomenilonephn- 
tis than of nephrosis, it is natural that many expenenced clinicians 
(Christian, for example (191)) have accepted the dictum of some pa- 
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thologists that pure nephrosis does not exist, or at least that its prob- 
ability of occurrence at autopsy is so shght as to make it rash to diag- 
nose a case as nephrosis All authors, however, admit the existence 
of the unique ‘‘nephrotic syndrome ” 

The nephrokc type of glomeriilonephnhs can nirnnc, doun to the last 
detatl, the entire clinical complex of the signs and symptoms of nephrosis 
There is not a single exception to this in the positive findings — albumin- 

1 j j 11 i • 1 albumin . 

una, cylmdruna, edema, low plasma proteins, low ratios 

globulin 

hypercholesterolemia, decreased basal metabolic rate, doubly retractile 
hpoids in the urine, normal renal function, low serum surface tension, 
etc As Fnedrich Muller (9) pointed out years ago, the differential 
diagnosis of nephrosis from glomerulonephritis is based almost entirely 
on negative clinical and morphological cntena, since the positive criteria 
may be common to both Distinction is possible pathologically, 
although even the histological examination at tunes requires unusual 
skill and interest on the part of the pathologist m the interpretation 
of shght glomerular changes Clinically, the negative cntena — ab- 
sence of cardiovascular changes, of gross or microscopic hematuna, of 
decreased renal function — are imfortunately not always present in 
glomenilonephntis at certam stages, or else shght changes may be 
overlooked, discounted, or be very difficult to interpret 
This problem arose in the oft-quoted, pamstakingly studied case of 
Mason (119) in which a typical clinical picture of nephrosis on the 
first exammation was followed within less than a year by progressive 
anemia and decreasing renal function Microscopic hematuria for 
the first time was observed on 12 exammations 5 to 6 months before 
the patient’s death, coinadent with a maximum increase in edema, a 
blood urea nitrogen up to 39 mgm per 100 cc from a previously nor- 
mal level and creatmine up to 3 6 mgm per 100 cc also from an en- 
tirely normal series of values However, because of the absence of 
increased arterial tension and other cardiovascular signs nephrosis 
was diagnosed, apparently on the assumption that the blood-pressure 
was always increased at every stage of every case of glomerulone- 
phntis The reasonable diagnosis of an acute glomenilonephntis 
superimposed upon a previous nephrotic syndrome was not made by 
Mason, in spite of the fact that from then on the renal function rapidly 
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decreased The creatinine increased to 6 6 mgm per cent and the 
phtlialem output in 2 hours never was above 10 per cent after that 
hematuric period The blood-pressure stayed low throughout, but 
the patient m as Chinese, extremely undernourished and died of miliary 
pulmonary tuberculosis The autopsy showed kidneys iveighing 115 
grams together, with a finely granular surface and glomcnih mill “pro- 
ductii.’c lesions" in all stages No details were given as to crescent for- 
mation, anisotropic lipoid infiltration, etc Mason believed this was a 
classical case of nephrosis It seems to the reviewer that no such diag- 
nosis was justified on tlie basis of the clinical course of the disease with- 
out the qualification that an acuteglomerulonephntis superimposed it- 
self on a possible nephrosis (probably a nephrobc glomerulonephntis) 
and led to rapid renal insufficiency and contraction of the kidne> s Glo- 
mcruloncphntis can never be ruled out, in spite of all claims to the con- 
trarj', merely upon the absence of hypertension and its consequences 
Even Volhard (20) recognized this difficulty in connection with “war 
nephritis ” 

Inadequate clinical differentiation is found also in tlie report by Kauf- 
mann and Mason (70) in which one patient, aged S3, with hyperten- 
sion, low phthalcin output and high blood urea was classified as nephro- 
sis clinically The paper by Labbe, Nepveux, Gilbert-Dreyfuss and 
Jung (228) describes a case of advanced glomerulonephntis as a 
“typical lipoid nephrosis ” Complicating situations are also met with 
in tile report by Zemp (192), and m some of Epstein’s case reports 
(94) although tins author recognized the occurrence of “mixed forms” 
— nephrosis with a later nephntis or vice versa — a ratlier weak classi- 
fication because anatomically they must all be nephrotic types of 
glomerulonephntis, in which the time relationship of the supposedly 
independent nephrotic and nephntic components cannot be deter- 
mined from examination of the kidneys Confusion between uncom- 
plicated nephrosis and nephrotic glomerulonephntis clinically, to the 
discredit of the former at autopsy, is evident m Bell’s (72) paper It 
IS not uncommon in pediatnc literature, as exemplified in the paper 
by Schwarz and Kohn (99), in which Case 8 began mth hematuria 
which lasted for weeks, with a blood non-protein nitrogen up to 87 5 
mg per cent and creatinine to 3 1 mgm , later returning to normal 
Their Case 11 also showed “hematuna on two or three occasions ” 
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There were no autopsies m this series It is unfortunate that so little 
clinical or pathological detail is available in the large series of “nephro- 
sis” in children reported by Marriott (173), Clausen (108) and Boyd 
(193) The loose use of “nephrosis” as a synon)an for albuminuria 
plus edema and urinary doubly-refractile lipoids in utter disregard of 
the presence of cardiac hypertrophy, hypertension and other evidence 
of glomerulonephritis, explains the discrepancy between the clinical 
and pathological diagnoses in Cases 12 to 15 of the senes reported by 
Stengel, Austin and Jonas (194) Gross misunderstanding of what 
“genuine nephrosis” means is evident in Bohnenkamp’s (195) work 
The inference to be drawn from these misconceptions is that the 
term “nephrosis” must be limited rigidly by clinicians to only those 
cases showing practically all of the positive cnteria, and, what is much 
more important, all of the negative cntena at any stage of the disease 
Patients must be studied, more than ever, during infections when 
glomerulonephritis may flare up (see Longcope (196)) Diagnosis, 
therefore, can never be made at a single examination or even after 
months of careful study except on a tentative basis, and recovery of 
the patient does not necessarily rule out a nephrotic glomerulonephn- 
tis What can be usually diagnosed as Christian recently admitted 
(191), IS the “nephrotic syndrome” but even this term should, properly 
speaking, be used only m the rigid sense defined for nephrosis and then 
clearly qualified by glomerulonephntis or some other diagnosis when- 
ever possible Recently Shapiro (52) has claimed the possibility of 
differentiating clinically between pure nephrosis and nephrotic glo- 
merulonephritis by the rapid removal of Congo red from the blood- 
stream and its early appearance m the unne, m the cases of pure 
nephrosis This finding is difficult to explain and requires confirma- 
tion There is only one critenon reliable m the diagnosis of uncom- 
phcated nephrosis — histological absence of old or recent diffuse 
glomerulitis in the kidneys This cntenon has been insufficiently 
employed by enthusiastic clinicians 

In regard to “amyloid nephrosis^' Munk, Fahr, Epstein and others 
now seem to regard the nephrotic component as a secondary occurrence 
in amyloidosis, although clinically it may for a time give the typical 
picture of nephrosis On the other hand, the underlying chronic dis- 
ease is usually evident and helps to establish the diagnosis Some 
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cardiovascular involvement and renal insufficiency may develop in 
the older age groups (Fahr (15)), again ruling out an uncomplicated 
nephrosis Recovery is probablj impossible, so that when it does 
occur in a patient mth supposed “amyloid nephrosis” the original 
diagnosis must be senously questioned Most, if not all of the cases 
of “nephrosis” reported as due to chronic tuberculosis are primarily 
amyloid disease of the kidney with secondary appearance of the ne- 
phrotic symdrome Anatomical amyloidosis often exists without 
nephrosis No case has been reported with amyloid in the kidneys m 
nephrosis of “unknown origin,” that is, where one would ordinanly 
not have expected amyloidosis on general grounds There is no evi- 
dence that genuine nephrosis becomes an “amyloid nephrosis” in the 
course of bme 

NEPHROSIS, HXPOTIIXROIDISM AND HYPOPARATHVEOIDISM: 

Ihc occurrence of considerable albuminuria in patients witli true 
myxedema is not so taro but what a diagnosis of nephrosis may at 
times be made The presence of other classical signs and symptoms 
and the prompt response to small doses of thyroid preparations aid 
in the elmiination of a wrong diagnosis of nephrosis This occurred 
m a patient of McIntosh (197) who, at first glance, seemed to be a 
case of nephrosis The difficulties are increased by the low basal 
metabolic rate and the hypercholesterolemia common to both Thus, 
Epstein (27) diagnosed the same patient as nephrosis in 1916 and 
classical myxedema in 1921 He wrote of the combination of nephro- 
sis and myxedema in 1920 (94) That the two conditions may actu- 
ally be combined in the same patient is strongly suggested by the case 
of Davidson (198) A man, aged 44, had definite clinical myxedema, 
marked edema and ascites, a basal metabolic rate of — 32, albuminuria 
said to have preceded edema by 10 years, serum proteins down to 3 7 
grams per cent, severe anemia and blood cholesterol of 309 mgm per 
cent On large doses of thyroid orally the weight dropped by 100 
pounds through diuresis, and a normal metabolic rate was obtained 
The patient remained edema-free for some time, put on flesh but was 
still anemic He continued on 6 grams of thyuoid daily A year later 
his basal metabolism was still normal, the symptoms of myxedema 
were absent but there was a constant tendency to edema, character- 



228 


LOUIS LEITER 


however, has recently presented staking evidence to the contrary 
By allowing an adequate amount of protein in a high caloric diet it 
ma)’- be possible to promote the storage of food protein and presumably 
replace the protein lost in the urine, according to conclusions denved 
by Peters and Bulger (133) from recent extensive investigations upon 
the nitrogen metabohsm in albuminuric, edematous patients With 
renal function normal in nephrosis in regard to excretion of nitrogenous 
waste-products, there is no need to worry about nitrogen retention in 
the blood on ordinary or even moderately elevated protein diets In 
fact, Epstein (5) purposely advocated a high protein diet, 150 to 200 
grams daily, on the assumption that the general metabolism and pro- 
tein utilization in the body would thereby be stimulated, even to the 
point of leading to a rapid increase in the plasma protein concentration, 
decrease in edema and recovery or a remission This rather unpalat- 
able and difficult diet has not justified the original claims made for it, 
but its chief service has been m helping to erase the fear of meat, 
eggs, cheese and other protein-containing foods from the minds of some 
physicians and patients 

c Edema The edema, of course, is the usual special object of 
therapy Rest in bed is absolutely essential when edema has reached a 
certain degree or is showing a tendency to increase. Rapid accumula- 
tions of abdominal or pleural flmd may be embarassing enough to the 
patient to require immediate paracentesis instead of diuretic drugs that 
require time and involve the element of chance Hydrotherapeutic 
measures, such as baths, sweats, etc , have not yet been shown to be 
sufficiently successful to offset the disadvantages of these methods 
Restriction of salt and flmd -intake is of the greatest importance and 
when properly carried out may lead to successful diuresis, prevent 
further increase in edema and prolong the remissions once the patient 
has become edema-free, even though edema favoring factors, such as 
persistent albuminuria and low plasma proteins may still be present 
The rigidity of this restaction, however, as pointed out by many au- 
thors, must be guided By common sense and the general state of the 
patient It is better to have a well-nounshed, slightly edematous 
patient than an edema free individual emaciated through loss of appe- 
tite During periods of severe edema the very stnct low-iomc diets 
introduced by Keith, Barrier and Whelan (42) (43) and Keith, Smith 
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and Whelan (201), m ivhich the total food water is only 800 to 900 cc , 
and the chloride less than 1 gram, seem to be indicated instead of the 
ordinary “salt-free” diets with their higher water, sodium and chloride 
content As soon as possible, however, the patient should be shifted 
to a less monotonous rfigime whenever a more palatable diet can be 
taken without causing a significant increase in edema Once vigorous 
diuresis sets in, and it may do so very suddenly, diet may make little 
difference In young children the deprivation of water may effect too 
great a hardship to warrant any strict low-fluid regune This fact 
and the feehng that chddren are more tovic when not enough water 
IS given, have led Aldnch (34) and other pediatricians to allow water 
ad libitum or even to force fluids, apparently without harm 
Many patients with nephrotic edema of considerable extent will 
respond relatively little to rest m bed and salt and fluid restriction, 
even when combined wnth paracentesis of the abdomen to decrease 
intra-abdominal pressure and the venous stasis m the large veins 
The use of diuretics becomes a senous problem The punne group 
ordinarily produce no effect other than unpleasant gastrointestinal 
upsets, in sharp contrast to their usefulness in cardiac edema Potas- 
sium chloride and other potassium salts may be excreted completely, 
in contrast to sodium salts, but the diuretic effect is usually insignifi- 
cant In general, the saline diuretics kou little effect in nephrotic edema 
Urea was noted by Monakow (202) and others to have an excellent 
diuretic action in some patients with nephrotic edema Many have 
felt that a high protein diet, when effective, acts through the increased 
urea formation Urea must be given in large doses, 20 to 100 grams 
a day, and it apparently causes no difficulties other than gastrointes- 
tinal symptoms that may eventually require its discontmuance Since 
renal concentrating ability is normal in nephrosis, the excess urea is 
promptly excreted and only a moderate increase m blood urea betrays 
Its use It has been given up to a total of several kildgrams in a short 
period of time without any harmful effects The diuresis usually 
takes several days or a week to appear and is ordinarily moderate, 
ceasing when urea ingestion is discontinued In patients mured to 
the taste of concentrated solutions of urea, edema may be steadily 
cleared up by thfe drug However, it is a slow process Often urea 
fails completely, except for some increase in urinary volume with 
relatively little change in the weight of the patient 
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cases parathormone was ineffective in increasing the urine volume but 
a high protein diet and a fever, respectively, were successful in these 
patients Barker and O’Hare (206) were not particularly impressed 
ivith the effectiveness of parathyroid extract There have been no 
untoward effects ascnbed to the parathormone in the above cases, 
all of which were carefully controlled by repeated serum calcium 
analyses 

Removal of infection, by drainage and imgation of the nasal sinuses, 
was recommended by Marriott (173) as more important than diet in 
leading to diuresis and possible recovery in children Davison and 
Sahnger (55) obtained discouraging results on irrigating the antra 
m children Aldrich (31), however, reported prompt diuresis and 
loss of edema following the drainage of nasal abscesses and sometimes 
after the spontaneous improvement of colds. In this interesting paper 
Aldrich remarked that three children were apparently cured after 
severe streptococcal infections This apparently beneficial action of 
infection was strikingly evident in a girl of 16, reported by Karacsony 
(30). The patient’s massive nephrotic edema had not yielded at all 
to the usual hst — urea, digitalis, thyroid, novasurol, etc Then she 
developed lobar pneumonia, and novasurol given after the crisis was 
followed by rapid and complete disappearance of edema The edema 
returned three months later and remained obdurate to novasurol 
Lobar pneumonia again set in, there came another crisis and the 
patient’s edema disappeared once more — ^in the absence of any medica- 
tion Infection may be associated with increase or decrease in edema 
Epstein (11) considered the latter effect as due to increased protein 
metabohsm. It is not at all uncommon for the terminal infection in 
nephrosis to be accompanied by rapid subsidence of edema Foreign 
protein therapy deserves investigation in this connection 

The vanous diuretic measures described hitherto by no means 
exhaust the therapeutic armamentanum, but the very number and 
vanety of these drugs and hormones indicate that the treatment of 
nephrotic edema is often a matter of hit or miss, and when a hit occurs 
chance and tune may have been behind the scene In fact, one of the 
diagnostic features of nephrotic edema is its recalcitrance Equally 
charactenstic is the tendency to sudden, overwhelming diuresis when 
the situation may look bleakest These facts should not dampen 
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cases parathormone was ineffective in increasing the urine volume I 
a high protein diet and a fever, respectively, were successful in th 
patients Barker and O’Hare (206) were not particularly impres: 
with the effectiveness of parathyroid extract There have been 
untoward effects ascnbed to the parathormone in the above cas 
all of which were carefully controlled by repeated serum calcii 
analyses 

Removal of tnfechon, by drEunage and irrigation of the nasal sinus 
was recommended by Mamott (173) as more important than diet 
leading to diuresis and possible recovery in children Davison a 
Salinger (55) obtained discouraging results on irrigating the ani 
in children Aldrich (31), however, reported prompt diuresis a 
loss of edema following the drainage of nasal abscesses and sometin 
after the spontaneous improvement of colds In this interesting paj 
Aldrich remarked that three children were apparently cured afl 
severe streptococcal infections This apparently benejictal action 
infection was stnkingly evident in a girl of 16, reported by Karacso. 
(30). The patient’s massive nephrotic edema had not yielded at 
to the usual list — urea, digitahs, thyroid, novasurol, etc Then s 
developed lobar pneumonia, and novasurol given after the crisis w 
followed by rapid and complete disappearance of edema. The eder 
returned three months later and remained obdurate to novasun 
Lobar pneumonia again set in, there came another crisis and t 
patient’s edema disappeared once more — in the absence of any medic 
tion Infection may be associated with increase or decrease in edem 
Epstein (11) considered the latter effect as due to increased prote 
metabolism. It is not at all uncommon for the terminal infection 
nephrosis to be accompanied by rapid subsidence of edema. Foreij 
protein therapy deserves investigation in this connection 

The vanous diuretic measures described hitherto by no mea; 
exhaust the therapeutic aimamentanum, but the very number ai 
vanety of these drugs and hormones indicate that the treatment 
nephrotic edema is often a matter of hit or miss, and when a hit occu 
chance and time may have been behind the scene In fact, one of ti 
diagnostic features of nephrotic edema is its recalcitrance Equal 
characteristic is the tendency to sudden, overwhelming diuresis whi 
the situation may look bleakest These facts should not dampi 
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therapeutic enthusiasm, but should stimulate scientific control and 
more work directed toward a better understanding of the fundamental 
nature of diuresis Volhard (20), Munk (26), Aldrich (31), Murphj 
and Warfield (29), Davison and Salinger (55), and other cnUcal ob- 
servers have not failed to notice and emphasize the sinking inde- 
pendence often existing between the disappearance of edema and the 
use of a number of therapeutic measures It is therefore advisable, 
at times, to refrain from subjecting the edematous patient to one 
medicament after another m the vigorous attempt to promote diuresis 
The patient, and not the symptom, should be treated As Karger 
and XJUmann (60) have expressed it — “Mil allzimel Thcrapie ■u'trd 
liter nur geschadel ” 

The niccliamcal removal of subcutaneous edema fluid is a therapeutic 
measure requiring no control to establish its successful results It is 
only in extreme cases, however, that one need resort to drainage of the 
edematous extremities by means of Southey’s tubes, Curschmann can- 
nulas or multiple incisions into the edematous skin Profuse drainage 
may be followed by diuresis, due to improved circulation in the decom- 
pressed veins Strictest asepsis must be practised, however, through- 
out the entire procedure because of the great danger of cellulitis, liable 
to be fatal in nephrosis The undernutntion resulting from the rigid 
dietary restrictions in vogue some years ago undoubtedly played a role 
in the enormous dropsies met with by earlier investigators of nephro- 
tic edema 

Aritficial increase of the colloid osmotic pressure of the plasma by blood 
transfusion, infusion of gum acacia and similar substances has been 
suggested and tried without significant results The theorj is plausi- 
ble enough but practical effects are bound to be disappointing because 
the amount of plasma protein or other colloid injected is hardly enough 
to produce a significant rise in colloid osmotic pressure m view of the 
limitations imposed by the capacity of the patient’s circulatory system 
in regard to total plasma volume, and also because the glomerular capil- 
laries are much more permeaUe than normally to colloids (209), so that 
they do not remain long enough in the circulation Epstein’s theory 
that a high protein diet of itself led to rapid increase m plasma proteins 
has not been confirmed, and his own results can be interpreted m other 
ways The plasma proteins eventually must be denved from amino- 
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acids present m food proteins, but the sequence of events in this process 
IS entirely a matter of conjecture. 

d Miscellaneous. There is no direct treatment for the lipemia nor 
any substantial evidence in favor of restricting the lipoid content of 
the diet as originally proposed by Epstein (149), The comphcahng 
infections in nephrosis, such as peritonitis or cellulitis, are to be treated 
along the usual, accepted lines with a full reahzation of the senous, 
though not completely hopeless, import of these infections Improved 
nutation may help to decrease the susceptibility to infection of the 
transudates, and conservatism in regard to mechanical removal of 
fluids may reduce the possibility of contamination The edematous 
state of nephrosis is dangerous chiefly because the transudates form 
excellent culture media The usual source of the organisms is either 
the patient’s own respiratory tract or the shin, hence, the predomi- 
nance of pneumococci and streptococci as etiological agents (56) 

Lues, when associated with the nephrotic syndrome should be 
treated, according to Munk (4) (26) (179), without any hesitation 
provided therapy is begun with iodides and mercurial inunctions 
After edema has subsided somewhat, small doses of salvarsan are to 
be given Munk has been consistently impressed with the almost 
specific effects of anti-luetic therapy in these cases. On the other 
hand, Burgerhout (24) considered the results uncertain and Epstein 
(11) flatly stated that anti-luetic measures brought about aggravation 
of the symptoms of nephrosis which responded very well, however, 
to the high protein diet and thyroid substance In view of this dif- 
ference of opinion caution is warranted, and thorough study and pub- 
hcation of many more cases are indicated 

Decapsidation has from time to time been advocated as a valuable 
method of therapy m patients with stubborn, nephrotic edema, usually 
on the theory that the kidneys themselves are also edematous and 
that the circulation within them is interfered with by the relatively 
non-elastic capsule In chronic, nephrotic edema, m contrast to acute 
glomerulonephritis and mercurial poisoning, there is no evidence of 
marked edema or increased tension within the kidneys, nor of impair- 
ment of glomerular circulation Therapeutic effects, therefore, are 
probably due to the operative partial denervation of the kidney or to 
the non-specific action of anesthesia, trauma, etc The circulation 
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of the renal cortex is probably not benefitted by the resulting peri- 
nephntic fibrosis Horder (210) reported two cases of “subacute 
nephntis,” nephrotic glomerulonephritis or nephrosis, in which imme- 
diate improvement fglloived decapsulation earned out during the 
chronic edematous stage One case recovered completely within 6 
weeks, edema having begun one and one-half years previously This 
patient was examined four and one-half years after the operation and 
found to be perfectly normal The author of this report admitted 
that he had no satisfactory explanation for the good effects observed 
folloivmg the decapsulation In one of Oehlecker’s (211) cases, 
striking improvement occurred within two weeks after decapsulation, 
but relapses followed and albuminuria persisted This patient was 
in excellent health except for slight albuminuna, three years later 
The surgical procedure was credited with bringing about a turn for 
the better, while nature did the rest On the other hand, even this 
modest claim for the therapeutic efficiency of decapsulation may be 
counterbalanced by the unequivocal statement of Gainsborough (156) 
that “dccapstilahon ts qutlc useless ” The truth is probably not far 
from this 

SOMMARy AND CONCLUSIONS 

The nephrotic syndrome seems to be well established clinically and 
pathologically as something not directly related to glomerulonephritis 
or inflammatory renal disease, although commonly associated with it 
In its primary, uncomplicated jorm, this syndrome is htown as nephrosis 
and IS a rare disease The rarity of this disease, however, is no justifica- 
tion for the dental of its existence 

The specific changes found in the kidneys in nephrosis and the 
absence of changes in other organs or systems suggest a primary renal 
lesion Before one can accept such an hypothesis, however, itmust be 
definitely established that the renal changes occur very early in 
the disease 

The view that nephrosis is a general metabolic disorder, with second- 
ary involvement of the kidneys, is, likewise, not supported by suffi- 
cient evidence There is lacking an adequate knowledge of the 
natural history of the disease It is significant that there are no true 
metabohe diseases that tend toward spontaneous recovery as does 
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nephrosis Furthermore, such a theory offers no reasonable explana- 
tion for the frequent association of the nephrotic syndrome with 
glomerulonephritis and amyloid disease of the kidney The or- 
ganic seat of this assumed metabolic derangement has not been 
demonstrated 

In spite of the marked increase m the blood hpotds, particularly 
cholesterol and its esters, and the lipoid infiltration in the kidneys 
there is no satisfactory evidence to warrant the inclusion of nephtosis 
and the nephrotic syndrome among the primary general disturbances 
of lipoid metabolism The accepted diseases of lipoid metabolism are 
not associated with significant cholesterol ester infiltration of the 
kidneys Clinically, they bear no resemblance to the nephrotic syn- 
drome It is possible that the constant loss of large amounts of 
plasma protein may secondarily lead to the hpemia and its conse- 
quences This, however, is mere speculation and critical observation 
and experimentation are needed before any definite conclusion can 
be drawn 

The albuminuria in nephrosis may be explained in two ways On 
tlie one hand, a primary renal lesion may alter renal capillary perme- 
ability to the plasma proteins The experimental production of mas- 
sive albuminuria becomes an important task for the investigator in 
this field Direct depletion of the plasma proteins by plasmapheresis 
IS only a crude substitute On the other hand, the albuminuria may 
be secondary to qualitative changes in the plasma proteins and be a 
part of a primary metabohc disorder It should be possible biologi- 
cally to establish the identity or non-identity of the plasma and urmary 
proteins m nephrosis with the proteins in the plasma of normal 
individuals 

The edema in nephrosis is probably closely related to the reduction 
in the plasma proteins, whether due to renal loss or disturbance in 
formation On this feature of the disease there exists considerable 
evidence Through the conmion factors of low plasma proteins and 
edema, nephrosis and a variety of nutritional edemas, clinical or 
expenmental m origin, are brought into more or less close contact It 
becomes all the more necessary, however, to acquire further informa- 
tion concerning the site of formation of the plasma proteins, their role 
in metabolism apart from osmotic effects, and the relationship between 
the plasma proteins and the lipoids 
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No condition has yet been produced in laboratory animals that 
could be dignified by the term "eKperimental nephrosis ” 
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THE SIGNIFICANCE OF LOCAL FACTORS FOR ELECTIVITY 
IN CENTRAL NERVOUS SYSTEM DISEASE PROCESSES' 


PROrcSSOB. WALTORR SPICLMEVER 
Deulsche Forschmisanslalt filr Psychtatne, MUnchtn, Gemaiiy 

When we pathologists try to interpret our microscopic pictures, ue 
are confronted w ith the problem of explaining the process which causes 
the localization and spread of special pathological lesions This 
question, which plays a r 61 e in all bodily organs, has a %er\ special 
interest in the central nervous system because of its speaal anatomy 
and the variety of localization of its disease processes llEere the 
changes are widespread and more or less equally distributed the ques- 
tion of localizing factors is not nearly so important asm diseases with 
specihc anatomical localizations 

We see that even in general diffuse spreading there are speaal locali- 
ties where the process is most active and others that remain stnLingly 
free In dementia paralytica, as has long been laoiro there is a con- 
trast between frontal and occipital lobe, in genera! the lesions are quite 

diffuse, an atypical localization can predommatein place of the typical 

spreading In contrast to this are the di'eases that usually possess 
a stnking equality in spreading as, for mstacce arm-mtic family idiocy 
in which one always speahsof the "uh'gm o~s gac^on cell disease 
But, even in this process, an espeaal secu-a of the central nenous 
system may occasionally be im oh ed, h” irstmce the cerebellum in the 
late infantile form (BielschowsLi {!>) Certain well known nenous 
diseases have pronounced systex-c trps c' degeneration, such as 
spinal muscular atrophy, amyottcohe fa ad sderoas, the tSecSive 
cerebellar diseases, as well as rssctly cescribed processes in tee 
extrapyranudal motor sricc- Be rempme elective diseases ci 
espeaal gray nuclei not onJi iat£?cis;<,'e:cogenoas b jt also of «or- 
enous destructive agent;, for irmaK. tsc rndsus dentatus an; 

’ Paper read before t£- Pwon STaerre- fjrzrarj™ a--! -- W 
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olive, in toxic conditions and diseases of infectious origin As regards 
the cerebral cortex, it is an old experience that the third layer is more 
vulnerable than all the others This is true of the most varied endog- 
enous and exogenous processes, for example, pure degeneration, 
inflammation, and vascular diseases 

In general we see that the system-disease processes stand at one end 
of a series while at the other end we find the diffuse disease processes 
In the center of this series are other processes which on the one hand 
accentuate the system-disease and on the other the diffuse changes 
The system-diseases show in the most striking manner the weakness of 
especial parts of the central nervous system against special destructive 
agents, as for example, the afiSnity of certain poisons for circumscribed 
areas and for certain anatomico-physiological organs in the nervous 
system 

What kind of factors are these that determine the special localization 
of disease processes? These localized changes are interesting not only 
from the diagnostic, but also from the general pathologic and pathogen- 
etic standpoint This question belongs to the general problem which is 
so much discussed today of local vidnerabthly and its causes Why 
have certain processes a special predilection or indeed a local electivity ? 
What determines the point of attack of destructive processes? Why 
are certain parts of the central nervous system especially susceptible? 

The histopathologic, but more especially the pathogenetic analysis 
of locally circumscribed lesions teaches us, according to my ideas, their 
different origins The electivity, with which many processes m the 
brain localize, can not be explained on a uniform basis My studies, 
which in part have been made with collaborators, show that the restric- 
tion of diseases to certain central regions originates under varying 
conditions, that the vulnerability can have many very different causes 
(2) The factors determining the locality are manifold indeed- some 
known and some as yet unknown, some simple and some complex 
The factors known today which to me seem the most important are the 
systemic and the vascular (or vasomotor) factors Spinal fluid is a 
further factor determining the local electivity Other types of vul- 
nerability are as yet not sharply defined 

First let us consider the systemic factors The neurological nomen- 
clature already shows the role played by the system type in the pathol- 
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og\ of tKe nervous system Tor a long time we !ia%e been naming 
quite a number of nervous diseases after the afTectcd system, some of 
which I have alreadv mentioned In each case we have to do with a 
disease of one or more physiologically related sj stems 
The fact that some of these processes attack anatomical systems, 
belonging together functiomllv, is so important that— to my mind — 
it seems to force us to continue using the old concept of “system dis- 
ease ” Some authors completely den> the evistence of s> stem disease 
However, we must urge counter reasons, from the standpoint of the 
pathological anatomist The pathologist is forced to admit the exist- 
ence of real and independent s>stcm diseases, not only for clinical 
and pathological reasons, but also as the result of study of his ana- 
tomical preparations Biffusc destructions become of secondary im- 
portance, when contrasted with the lesions inv’olvmg certain fibre 
tract systems and graj nuclei This proyes that an independent 
disease of one or several functionallj related sj stems can exist with 
accompanj iiig but unimportant degenerations Above all, the dis- 
eases of the motor sv stem should be mentioned in this category, as 
the French have done about the middle of the last centurj As a 
rather rare example, I wish to mention spastic spinal paral) sis, because 
the existence of an independent spastic spinal paralj sisisoften denied, 
whereas spinal muscular atrophy and the amj otrophic lateral sclerosis 
are still acknowledged 

I mjself should even like to consider tabes dorsalis among the 
“system diseases ” lo mj mind this also is a case of an independent 
degeneratiye process of an especial s>stem dominating the disease 
picture I do not believ e that one can recognize in tabes onlj a second- 
ary degeneration caused by a sv'philitic lesion of the extraspinal nerve 
roots as some other investigators do Examinations of beginning 
cases of tabes and comparativ e anaU sis of anatomical findings, hax'e 
cony meed me that here also the degeneration is sy stemic (3) In tw o 
cases of beginning tabes I noted the commencement of degeneration 
only' from that point at yyhich the posterior roots penetrate the spinal 
cord and where the nerv'ous tissue adopts a central character In 
figure 1 is shown part of the postenor column with the posterior roots 
in a slide stained with Sudan for fat The degenerating root fibers 
contain cells filled with fat, which clearly begin at the point where the 
postenor roots penetrate the spinal cord in the globoid portion (fig 1) 
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phine poisoning would look just the same This shows what I call 
“pahng” (“Erbieichung”) and this paleness is a characteristic of fresh 
necrobiosis in Nissl-preparations 

Here and in various other conditions we often find simultaneous 
changes in qmte a different part of the brain, namely m the Ammon- 
shorn. In a former paper (12) I demonstrated their different appear- 
ance according to age Through different phases we could follow the 
process from the first paling till the end stage of a shrunken and scarred 
atrophy These findings show that the destroyed fresh necrotic or old 
scarred sclerotic part of the Ammonshorn is always in the same place, 
namely at the curve towards the ventricle, m the so-called “Sommer’s 
sector ” According to our researches, this is the typical expression of 
a disturbance in the circulation The latter may be organic as well 
as functional It may be caused by coarse material as an embolus or a 
thrombosis, or disease of the vessel wall, for instance, an endarteritis 
syphilitica or tuberculosa It can happen, however, that quite similar 
destructions appear at the same place, without a demonstrable occlu- 
sion of the circulation, so that we must suppose functional vasomotor 
disturbances Such pictures are seen in some cases of poisoning and 
infection and especially in epilepsies (13) 

As a further example of the vascular type, I may name certain signifi- 
cant changes of the cerebellum These pictures will at the time dem- 
onstrate how difficult It often is to differentiate between a vascular and 
a systeimc lesion In a fresh stage they are characterized by a branch- 
like connected proliferation of the glia cells These are nowadays 
called “Hortega cells,” they have the characteristic rod form described 
by Nissl 30 years ago When I found them for the first time in cases of 
typhoid and t)q)hus, I believed to have before me an elective disease 
of the Purkinje neurone (14) Indeed, one often sees how similar the 
connected glia cell proliferation is to the spreading of a Purkinje cell 
and its branches But then I noted the same thing in a circulatory 
disturbance from purely organic causes, and today I am of the opinion 
that this is another example of the vascular type of vulnerability 
Even where we have no material support for supposing circulation dis- 
turbances, the local lesion is exactly the same as m cases of definitely 
proven material occlusion of circulation Often the changes cover 
an area reaching only to the Purkinje cells, but the cases are not rare 
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m which, the destruction and secondary gha proliferation i 
the molecular zone into the granular cell layer The 
that evident, matenal vessel-lumen occlusions can produc 
quite analogous to those of the epileptic status and also like 
of some infections in which changes of the vessel wall and 
are lacking These examples suffice to illustrate the v" ■ 
of \mlnerabihty 

What IS then the nature of these vascular factors in ceri-i 
elective changes’ In the case of elective diseases of certain 
we spoke with Ehrlidi of the qualities lying in the tissues, of f 
tenor poison affinity Thus far these are really only words pm 
mg facts, and it is about the same thing if we speak of "pecuhu, 
of the local circulatory conditions in cases of tlie vascular tjpe 

hlany studies have been made to throw light on these pecuhu. 

One IS led to believe that very different factors may play a role, sc 
timesonc,sometimesanotherfactor,orsometimesacombinationoftt' 

The vascular factors m question could lie m the greater or lesser d 
sity of the vascular network, or in thespecial arrangement of itsmoc’- 
or m the form (Cerletti (15)), the quality and quantity of conv 
tions between the respective nutntive fields and neighbonng v"'" 
the lack or abundance of tnbutanes from various vessel branches, 
course, the angle of branching, and the direction of the stream Sf' 
many another pecuhant> may be of importance here 

According to Uduraura’s (16) and mj own investigations, (17) th 
position and course of the main vessel in the attacked area and the la ’ 
of tributaries are very important in the case of the Aitunonshorn For 
the artery supplying the vulnerable sector of the Ammonshorn runs for 
a long stretch quite isolated in the septum The area supplied by this 
artery receives no tributaries in the form of other small artenes or ar- 
terioles This IS in contrast to a certain part of the upper band of 
ganglion cells which is regularly spared The latter is supphed by vari- 
ous small arteries and receives its blood from several sources, whereas 
the sector is dependent upon a single vessel One can imagine that, in 
the case of functional or gross organic destructions which do not en- 
tirely interrupt the blood supply, the area supphed by only one artery 
has a disadvantage as compared to an area supphed by the tributaries 
of several arteries 



